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ABSTRACT 
This study deals with the petrofacies of the 
Jodhpur Formation (Late Proterozoic - ? Early Cambrian) 
exposed in the vicinity of the Jodhpur city, Rajasthan, 
India. The Jodhpur Formation forms the lower most unit of the 
Bikaner-Nagaur basin fill, unconformably overlies the 
volcanics of Malani igneous suite, and comprises sandstones 
and subordinate shales & conglomerates. These rocks were 
deposited in foreland basin during a transgressive phase in 
deltaic, beach and braided fluvial environments. 
The sandstones are mainly medium grained and 
are moderately well sorted to moderately sorted. Most of the 
sandstones show near symmertical and meso-, to lepto-, kurtic 
distribution . The sand grains are mostly subrounded to sub -
angular with medium elongation index. The sandstones are 
texturally immature in general , due mainly to higher 
percentage of matrix. 
The sandstones are rich in quartzose 
framework grains which includes common monocrystalline, 
volcanic and polycrystalline stretched and recrystallised 
metamorphic quartz. Feldspars are scarce and rarely 
constitute more than one percent in general- except in two 
sections where they are present upto five percent. The rock 
fragmervts. are present in appreciably good quantity and 
comprise of schist, phyllite, slate, and various types of 
volcanic rock fragements. Metasedimentary lithics dominate 
over volcanic lithics which are mainly concentrated in 
sandstones lying just above the basement. The other notable 
detrital meinerals present are muscovite, biotite, volcanic 
glass and heavies. On the basis of detrital constituents the 
sandstones are mainly classed as sublitharenites and 
quartzarenites. 
In Qt-F-L and Qm-F-Lt triangular diagrams the 
studied petrofacies largely plot in recycled orogen and 
craton interior field near Qt and Qm poles suggesting mature 
provenance. The plots on Qp-Lv-Ls diagram show collision 
suture cum fold thrust belt and rifted continental margin 
setting. A critical analysis of the various factors 
controlling the detrital mineral compositon of sandstones was 
carried out. It has been found that the source area dynamics 
played an important role in controlling the original detrital 
composition. The data of sandstone petrofacies are in 
accordance with the geotectonic evolution of the area as a 
whole and are also consisteatwith the independent geological 
evidences suggestive of recycled erogenic signatue of the 
Aravalli - Delhi fold belt and foreland setting of the Bika-
ner-Nagaur basin. 
The diagenetic studies carried out for these 
sandstones include compaction and cementation and their role 
in porosity evolution. The sandstones are very well compacted 
and show high contact index and contact strength values. The 
important cementing phases identified include kaolinite, 
quartz, ferrugenous and calcite cements. The kaolinite 
cements are very well develop and represent early clay 
infiltrates which were regenerated during deep burial. Quartz 
cement is also volumetrically important and represnt an early 
stage of cement. Ferrugenous and calcite cements are present 
in very few samples and show pervasive development at few 
instances. The sandstones show very low existing porosity but 
high to moderate minus cement/matrix porosity. The porosity 
loss is mainly attributed to the pre and post burial 
compaction followed / accompanied by cementation. The depth 
of burial for these sandstones are estimated to be in the 
range of 3000 to 4000 meter. 
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CHAPTER I 
INTRDDUCTIDN 
2 
The Aravalli craton forms the westernmost 
part of the Indian shield comprising Archaean basement of 
Banded Gneissic Complex (>3500 Ma) , Proterozoic meta-
sedimentaries and meta-volcanics of Aravalli and Delhi 
Supergroups, Late Proterozoic felsic Malani Igneous suite, 
and various sedimentary sequences ranging in age from Late 
Proterozoic to Holocene. Also present are granites ranging in 
age from 2 950 to 740 Ma (Naqvi and Rogers 1987, Chaudhary et 
al. 1984). Much of the post 2000 Ma geohistory of Aravalli 
craton in general revolves around the tectono-orogenic 
evolution of Aravalli-Delhi fold belt (ADFB), specially the 
successive development of various sedimentary basins towards 
west (Fig-1). 
The Bikaner-Nagaur basin juxtaposed to ADFB 
is the oldest (Late Proterozoic-? Early Cambrian). The 
earliest sediments deposited in this basin largely over the 
volcanic basement of Malani Igneous suite and partly on the 
ADFB rocks were designated as Marwar Supergroup (Pareek 
1984) . Next sedimentation cycle in this basin commenced in 
Permo-Carboniferous and Permian times with the deposition of 
arenaceous rocks of Bap and Bhadaura Formations (Misra et al. 
1993) . 
This study deals with the lower most part of 
Bikaner-Nagaur basin i.e. Jodhpur Formation which comprises 
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Pig.l. Geological map of the Aravalli craton and the western 
Rajasthan shelf (modified after Das Gupta and Chandra 
1978; Srivastava 1988). 1, Banded Gneissic Complex; 2, 
Aravalli Supergroup; 3, Delhi Supergroup; 4/Unclassified 
Proterozoic Sedimentaries; 5/ Erinpura Granite; 6/ 
Malani Igneous Suite; 7/ Jalore and Siwana Granites; 8/ 
Bikaner-Nagaur Basin; 9, Barmer Basin; 10/ Jaisalmer 
Basin; 11, Alluvium; F-F/ Faults. 
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mainly of sandstones with subordinate shales and 
conglomerate. The Jodhpur Formation was deposited during a 
regressive phase in deltaic, beach and braided fluvial 
environments (Chauhan et al. 1991). 
LOCATION OF THE STUDY AREA 
The study area is located in and around 
Jodhpur city in between the north latitudes of 26°25'-26°13' 
and longitudes of 72° 50' - 73° 07', in the state of 
Raj asthan (Fig.2). The studied Jodhpur sandstones are exposed 
along with the underlying volcanics in uplifted horst blocks 
trending NE-SW. On the flanks of the horsts, sandstones form 
gently rolling hills and their excellent fresh exposures are 
found in a large number of sandstone quarries. The sandstone 
samples were collected from several sections namely Jodhpur 
Fort, Wireless Hill, Punjala, Masuria, Gangana, Kahir Nagar, 
Fidusar Diversion, Sursagar, Deoria, and Motisar Bhakar 
Sections {Fig-2). 
DEFINITION OF THE PROBLEM 
Sedimentary rocks are our principle source of 
information about past conditions on the Earth surface giving 
vital clues about exogenous as well as endogenous processes 
which lead to the evolution of the crust. Clastic rocks 
specially sandstones have also been extensively used as clues 
to their source regions from the very inception of 
5 
u 3 
a J3 
TJ 
o 
*-3 
0) 
;G 
i J 
to 
a) 
no 
a> 
> . r H 
•o 
:3 • 4J r H 
to 
t4-l 
m 
4J 
0) 
c (C 
O^ 
g 
r-« 
3 
U 
M 
0) 
m j j 
U *M 
•H 
m 
o i H 
o Q> 
CD 
ns 
—' 
> s 
J j 
• H 
u 
sedimentology in general and sedimentary petrology in 
particular. The last two decades saw a many fold increase in 
the studies of sandstone texture and composition with ever 
improving methodology and refinement in the interpretation of 
the data base. The main emphasis of the sandstone petrography 
has been on the detrital composition as well as 
identificaiton of various diagenetic phases, their 
paragenesis and its bearing on porosity evolution. 
The provenance studies of the sandstones are 
the most celebrated and sought after investigations coming 
next in importance to the depositional environment analysis 
(Pettijohn et al. 1987) . The empirical studies on the 
detrital composition, discerned by petrography gave much 
impetus to evolution as well as evaluation of a source region 
and are still in active use. Though some modern techniques 
employing dating of the heavy detrital mineral grains and 
trace element chemistry to interpret the provenance setup are 
in use but their access to the day to day studies is limited 
and they need much expertise (Compston et al. 1985; Compston 
and Pidgeon, 1986; McLennan et al . 1990). With the 
advancement made to the understanding of the crustal 
movements and global distribution of rock types defined by 
plate teQl:onic model sedimentary processes and result were 
also viewe^ ^ and explained in the context of plate tectonic 
7 
setting. Krynine (1942) interpreted detrital mineral 
composition in terms of then prevalent geosynclinal cycle 
concept. More recent synthesis of sandstone composition and 
tectonic setting has resulted into various discriminating 
diagrams, notable of these given by Dickinson and Suczek 
(1979) Ingersoll and Suczek (1979), Dickinson (1985), Valloni 
(1985) etc. These ternary diagrams were found very helpful 
for almost 75% of the studies on sandstone suites and 
resulted into better identification of provenance and 
tectonic settings. After the coining of the term 
"petrofacies" by Gilbert and Dickinson (1970), Swe and 
Dickinson (1970) and Dickinson and Rich (1970), defined in 
terms of detrital composition, the sandstone petrofacies have 
been in ex.censive use to interpret the source region setting 
of a sedimentary province and regional correlation (Stanley 
1976; Ingersoll, 1978, ^ 1990; Dickinson et al. 1982, 
1983; Ingersoll and Suczek 1979; Thornburg and Kulm 1987 
etc.). The correlation between tectonic setting and sandstone 
petrofacies is some times found to be off the track due to 
the use of varying methods in grain-point counting and 
classification of modes. Moreover, an 'erroneous' population 
may result from over working of detritus by the various 
sedimentary processes. These petrofacies need much more close 
scrutiny taking into account the involved processes. (Wolf 
8 
1971; Mack 1984; Ingersoll et al. 1984; Zuffa 1985; Ingersoll 
1990) . 
Diagenesis is an integral part of the 
evolution of a sedimentary deposit which includes compaction 
and cementation, which lead to transformations of freshly 
deposited sediments into a well lithified rock. The 
diagenetic studies are of fundamental importance in 
industrial context of hydrocarbon and water reservoir 
evaluation apart from fundamental academic studies. Optimum 
oil recovery especially from sandstone reservoirs 1 S;.d 
sedimentologist to look more carefully to the diagenetic 
status and regional diagenetic facies. The increasing oil 
prices, conservation and increased exploration for new oil 
reservoirs gave much impetus to the diagenetic studies by 
various modern techniques to understand the complex and 
intricate diagenetic processes and reactions. The 
petrographic microscope is still the , most useful and handy 
tool specially for study of sandstone and a good data base 
can be generated about diagenetic textures, fabrics, extent 
of compaction and authigenic cements. Other methods include 
porecasts, scanning electron microscopy (SEM), microprobe, 
cathodoluminscence, X-ray diffraction and stable isotopes 
analysis (Bjorlykke 1983) . Most of the work carried out for 
sandstone diagenesis deals with various phases of diagenesis 
9 
and has an inherent aspect of porosity evolution and 
prediction based on empirical studies on modern 
unconsolidated sands (Bird and Weyl 1973; Rittenhouse 1971; 
Chilingarian et al. 1975; Dapples 1967; Wolf and Chilingarian 
1976; Angevine and Turcotte 1983; Scherer 1987; Bloch 1991; 
Atkins and Mc Bride 1992). In the last decade much work based 
mainly on petrographic analysis supported by additional 
studies by SEM and cathodoluminescence has been carried out 
to interpret the compaction -cementation processes and the 
porosity evolution (James et al. 1986; Houseknecht 1987, 
1988; Chilingarian 1983; Fuchtbauer 1983; McBride 1989; 
Lundegard 1992), 
AIM AND SCOPE OF THE STUDY 
The sandstones under study constitute the 
Jodhpur Formation which is the lower most unit of sedimentary 
rock sequence deposited in Bikaner - Nagaur basin during 
Late Proterozoic-? Early Cambrian. These rocks overlie the 
basement complex comprising of Delhi Supergroup and Malani 
Igneous suite of rocks, with a pronounced unconformity 
Previously these rocks were termed as "Trans Aravalli 
Vindhyans" on the basis of gross similarity in lithology to 
the Vindhyan rocks (1400 - ? 500 Ma)* lying east of ADFB 
(Pascoe 1959) . After the underlying rhyolites of Malani 
Igneous suite were dated 745+ lOMa by Crawford and Compston 
10 
(1970). Various workers have suggested that deposition of the 
Jodhpur Formation commenced, in Late Proterozoic in entirely 
separate basin with much closer affinity to Tethyan rather 
than to Vindhyan sedimentation (Pareek I98lb, 1984). Apart 
from the stratigraphic status, tectono-sedimentary evolution 
of the western Rajasthan shelf as a whole, comprising of 
various other sedimentary basins mostly floored by Malani 
igneous suite of rocks, is also not well understood. 
Oil and Natural Gas Corporation (ONGC) Ltd. 
of India made several forays in the last decade for the 
preliminary investigations of western Rajasthan basins in 
quest of hydrocarbon reserves. ONGC has published a 
lithostratigraphic document (Misra et al . 1993) on the 
Bikener - Nagaur basin and has classed this basin as category 
III type of basin which is a geologically prospective basin 
and needs an exhaustive sedimentological data base for 
prognosis. Till now generalized sedimentological studies 
carried out in this basin include basin configuration and 
stratigraphy (Pareek 1981b, 1984; Biswas et al. 1993; Misra 
et al 1993). Studies on Jodhpur sandstone include 
lithofacies, palaeocurrent and depositional environment 
analysis (Verma 1970; Awasthi et al. 1977; Awasthi and 
Prakash 1981; Chauhan et al. 1991). The tectono-provenance of 
terrigenous elastics and tectono-sedimentary aspects of the 
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basin in general and of Jodhpur sandstone in particular have 
not been undertaken prior to this study to the best of my 
knowledge. 
This study particularly aims at detailed 
petrographical analysis of Jodhpur sandstones to ascertain 
the petrofacies evolution and diagenetic status. Petrofacies 
identification and its interpretation has been made to 
resolve the tectono-sedimentary evolution of the studied 
sandstones and its tectonic connotations in terms of basin 
evolution. Diagenetic studies of these sandstones include 
recognition and mode of occurence of various cementing 
materials, extent.of compaction, porosity distribution and 
evolution. Diagenetic process were also studied with a view 
to evaluate their effects on detrital composition of the 
sandstones and consequently on the interpretation of 
provenance. 
METHODS 
The studied sandstones were deposited during 
a transgressive phase (Chauhan et al. 1991). The deposition 
commenced with deltaic sedimentation followed by beach and 
braided river sedimentation. The sandstones of all these 
environments are well exposed at different locales with their 
distinctive lithofacies. Sample collections were made from 
all these lithofacies from outcrop sections. The samples were 
12 
collected at an interval of one to two meters generally. 
A detailed petrographic analysis was carried out for studying 
textural attributes which include grain size parameters and 
grain shape parameters. For this purpose three hundred points 
were counted with spacings greater than the meansize of the 
grain , to generate basic data base to be used in the studies 
intended. Petrofacies analysis was performed by counting four 
hundred points from each thin section according to Gazzi -
Dickinson method adopted by Ingersoll (1984). Detrital modes 
were also classed as per Folk's (1980) scheme of detrital 
classes and were used for sandstone classification and for 
identifying the parent rock assemblage. A separate point 
counting of two hundred points for diagenetic studies were 
made to identify various authigenic phases and to estimate 
compactional parameters and burial depth for the studied 
sandstones. 
CHAPTER II 
STRATIGRAPHY 
AND 
GEDTECTDNIC 
SETUP 
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St ra t ig raphic and geotectonic setup of the 
Aravall i craton i s given in the following tex t in order to 
understand the geological evolution of various geoprovinces, 
t h e i r i n t e r r e l a t i o n s h i p , c r u s t a l e v o l u t i o n and t e c t o n i c 
se t t ing of var ious sedimentary basins, west of Aravall i Delhi 
fold be l t , c o n s t i t u t i n g western Rajasthan shelf . Knowledge of 
tectonic evolut ion from other sources such as igneous and 
metamorphic h i s t o r y , s t r u c t u r a l and geomorphic evo lu t ion 
helps to e luc ida te and explain the pe t rofac ies evolution. 
The Indian shield i s d i v i s i b l e into three 
proto-cont inents namely Dharwar, Singhbhum and Aravall i which 
evolved around the i nd iv idua l Archaen n u c l e i (Naqvi and 
Rogers 1987) . The Araval l i craton forms the western par t of 
the Indian s h i e l d covering Rajasthan, Guja ra t , p a r t s of 
Madhya Pradesh and Uttar Pradesh. The craton i s delineated by 
boundary f a u l t of Himalayas in no r th , the Narmada Son 
l ineament in s o u t h - e a s t and south, the Cambay graben in 
south-west and in the west i t i s covered by Recent desert 
sand and extends in to Pakistan. The Araval l i craton presents 
almost a con t inuous geo log ica l record from Archaean to 
Quaternary. The Archaean Banded Gneissic basement complex i s 
overlain by Early and Middle Proterozoic meta-sedimentary, -
volcanic sequences of Aravall i and Delhi Supergroups. The 
Vindhyan Supergroup of Middle to Late Proterozoic sedimentary 
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sequence occurs east of the Aravalli Delhi Fold Belt. Towards 
west a large area is covered by Malani Igneous suite of Late 
Proterozoic. The various sedimentary basins overlying Malani 
Igneous suite as well as the Aravalli - Delhi rocks form the 
Western Rajasthan shelf. The basins are Bikaner - Nagaur, 
Birmania, Jaisalmer and Barmer Basins ranging in age from 
Late Proterozoic ? Cambrian to Quaternary. The stratigraphy 
of the Aravalli craton is given in the table l. The 
stratigraphic entities important for this study are been 
described here as follows and their spatial relationship is 
been given in fig. 1. 
BANDED GNEISSIC COMPLEX (BGC) 
These are the oldest rocks of Aravalli craton 
and comprise a complex sequence of magmatic and raetamorphic 
rocks. The overall radiometric age for BGC ranges from 3500 -
2000 Ma. The BGC has been affected by several periods of 
deformation and metamorphic episodes, with one distinct phase 
prior to Aravalli sedimentation. Later deformation involved 
the overlying supracrustals. The grade of metamorphism is of 
amphibolite and granulite facies (Sharma 1988). The BGC 
comprises various lithofacies including charnockites, 
biotite-hornblende granulite-gneisses, mafic, ultramafic and 
pelitic schists, quartzites, granites, pegmatites and aplites 
(Roy 1988) . 
Table 1. General Stratigraphy of the Aravalli Craton 
(After Naqvi and Rogers 1987). 
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AGE 
<1000 
1400-900 
1800-1500 
2500-2000 
2600-2500 
Marwar 
Supergroup 
Malani Igneous 
Suite 
Vindhyan 
Supergroup 
Delhi 
Supergroup 
Aravalli 
Supergroup 
Banded Gneissi( 
Complex 
Nagaur Group 
Bilara Group 
Jodhpu Group 
T Inrnnformitv 
Bhander Group 
Rewa Group 
Kaimur Group 
Semri Group 
Unconformity 
Ajabgarh Group 
Alwar Grroup 
—T Inrnnformitv 
Jharol Group 
Udaipur Group 
T Tnrr»nf<^ rrpi<^ y 
LITHOLOGY 
Sandstones, Conglomerates, Evaporites 
Dolomites, Limestones, Chert 
Sandstones, Shales, Conglomerates 
Rhyolites, Volcaniclastics 
Sandstones, Shales, Limestones 
Sandstones, shales 
Sandstones, Conglomerates, Shales 
Limestones, Breecia, Shales, Sandstone 
Porcellaiiite,* Conglomerates, Andesites 
Quartzites, Schists, Carbon Phyllites, 
Brecciated Quartzites, Marble, 
Conglomerates. 
Schists, Quartzites, Conglomerates, 
Marble, 
Mica Schists, Phyllites, Quartzites. 
Phyllites, Graywackes, Meta-volcanics, 
Mica Schists, Marble, Dolomites, 
Quartzites, Grits, Conglomerates. 
Granites, Gneisses, Slates, Quartzites 
Marbles, Hornblende and Mica Schist 
Shales, Cherts, Graywackes, and 
Dolomites, 
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ARAVALLI SUPERGROUP 
Aravalli Supergroup unconformably overlies 
the BGC and is dated between 2500 - 2000 Ma. The rock 
sequence shows two contrasting lithofacies associations 
namely shale-sand-carbonate assemblage of shelf facies and 
another carbonate free assemblage of siliclastics 
representing deep water facies, separated from each other by 
an erosional unconformity. The Aravalli Supergroup is in 
general volcanic free except for a basal volcaniclastics . 
The sequence is intruded by syn-,late-, and post -tectonic 
granites and syn sedimentation ultramafics. The rocks have 
undergone polyphase greenshcist facies metamorphism and three 
phases of folding and faulting (Roy 1988). 
DELHI SUPERGROUP 
The rocks of Delhi Supergroup constitute the 
western and northern front as well as the present edifice of 
Aravalli mountain range. The Delhis unconformably overlie the 
Aravalli Supergroup of rocks and their north-eastern part is 
considered older than the southwestern part. The age of 
Delhis is in between 1800 - 1500 Ma. They are divided into 
three groups. The lower group is dominantly, carbonate 
volcanics and the upper one commonly pelitic and volcanics. 
The main lithotypes are volcanics , volcaniclastics, 
quartzites, conglomerate, phyllites, slates, shcists. 
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marbles, calc-gneisses, mafic flows and amphibolites. The 
Delhis have undergone polyphase deformation and metamorphism 
of green schist to granulite facies (Sharma 1988) . 
VINDHYAN SUPERGROUP 
Vindhyan rocks were deposited east of 
Aravalli-Delhi fold belt, in an arcuate basin circumscribing 
Bundelkhand Massif. Narmada-Son lineament marks its western 
boundary. Its northern and northeastern boundaries are 
concealed in Indo-Gangetic alluviam. Based on various 
radiometric age data, Misra (1969) assigned an age of 1400 to 
900 Ma but Crawford and Compston (1970) gave an upper limit 
of 550 Ma. The Vindhyans are litho assemblage of sandstones, 
shales and limestones. The palaeocurrent dispersal pattern 
show dominating north westernly unj.modal trend and some 
bimodal pattern induced by tidal deposition (Misra 1969, 
Chakraborty 1976) . The Vindhyans are largely undisturbed 
and most of the structural disturbance are restricted to 
basin's peripheral parts adjoining ADFB and Satpura mountain 
range, where shearing and folding are common. 
MALANI IGNEOUS SUITE 
The Malani Igneous suite overlies Proterozoic 
metamorphics of pre Delhi and Delhi Supergroup and underlies 
the sediments of Bikaner-Nagaur basin, west of Aravalli Delhi 
fold belt. The Malanis are exposed over 50,000 Sq km. and 
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represent the third largest anorogenic bimodal volcanism in 
the world (Pareek 1981a). The Malani volcanics have been 
assigned an age if 745+ 10 Ma (Crawford and Compston 1970) . 
The main rock types are rhyolites and associated 
volcaniclastics which are mostly older than rhyolites (Pareek 
1981; Kochhar 1984; Bhushan 1985;Srivastava 1988). The 
Malanis were intruded by Jalor and Siwana granites which mark 
the end of Malani magmatic episode and represent the final 
phase of cratonisation of Aravalli craton. The rocks of 
Malani igneous suite invariably floors almost all the 
sedimentary basins constituting western Rajasthan shelf, 
lying west of ADFB. 
WESTERN RAJASTHAN SHELF (WRS) 
With the culmination of Aravalli Delhi 
orogeny ( 900 -800 Ma) and after the cessation of Malani 
magmatism ( 745 Ma) a broad shelf, Western Rajasthan shelf 
came into being which formed the eastern flank of the Indus 
shelf, (Das Gupta and Chandra 1978; Pareek 1981). 
Reactivation of weaker zones on Proterozoic basement, 
tectono-geomorphic uplift and subsidence gave rise to several 
basins separated from each other by various surface and 
subsurface positive features (Datta 1983). The important 
sedimentary basins developed on WRS are Bikaner-Nagaur, 
Barmer and Jaisalmer basins (Misra et al. 1993) . These basins 
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contain sediments ranging in age from Neo-Proterozoic to 
Quaternary with pronounced intervening hiatuses. All these 
basins mostly floored by Malani Igneous suite of rocks 
received detritus from Malanis and ADFB. 
The Bikaner-Nagaur basin is largest, oldest 
and is juxtaposed to ADFB and contains sediment of Late 
Proterozoic-? Early Cambrian, Permo-Carboniferous and 
Cenozoic age. 
Jaisalmer and Barmer basins show more or less 
same lineage of tectonic evolution but different 
lithostratigraphy and provenance. The two basins are 
separated by a ridge of Malanis which acted as barrier for 
fluvial system (Fig.l). The detritus to the Jaisalmer basin 
were largely derived from north east and to Barmer basin from 
southeast ADFB (Siddiqui 1963). These two basins are 
pericratonic rift basins which deepens southwest due to the 
presence of successive faults with thickened sedimentary 
sequence suggesting that faults were active during Jurassic 
and Cretaceous times (Datta 1983). The sedimentation started 
during Permo-Triassic and continued upto Quaternary. 
Jaisalmer basin shows comparatively continued sedimentation 
as against the Barmer and Bikaner - Nagaur basins wherein 
sedimentation was interrupted by hiatuses. 
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BIKANER - NA6AUR BASIN 
The Bikaner - Nagaur basin, largest of the 
basins in western Rajasthan, covers an area of 3 0,000 Sq.km. 
It extends from Jodhpur in south to Haryana border in north 
following the Aravalli - Delhi orogenic trend (Fig.l). The 
basin is bounded in south by Malanis, in south-west by 
Pokharan- Nachna uplift in north by Delhi-Sargodha ridge, and 
in east by the Aravalli mountains (Datta 1983) . The sediment 
assemblage of the basin as worked out by ONGC (Misra et al. 
1993) is mainly of Late Proterozoic - ? Early Cambrian, 
Middle to Late Palaeozoic and Cenozoic age with a total 
thickness of around 1700m (Table 2). 
The Late Proterozoic - Early Cambrian 
sequence is represented by Jodhpur, Bilara and Nagaur 
Formations in order of their younging. The Lower most 
Jodhpur Formation is an arenaceous sequence comprising basal 
conglomerates, shales and sandstone deposited over Malani 
basement. The Bilara Formation is dominantly a carbonate 
sequence and has an unconformable relationship with 
underlying Jodhpur and overlying Nagaur Formations. Nagaur 
Foramtion is arenaceous but has interclations of dolomitic 
limestones, dolomites gypsum and other evaporties. The above 
described formations were given status of groups and clubbed 
into Marwar Supergroup by some workers (Khan and Sogani 1973; 
Table 2. General Stratigraphy of the Bikaner-Nagaur Basin 
(After Misra et al. 1993) 
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AGE 
Quaternary 
Tertiary 
Sand Dunes 
Mar Formation 
1 Inrnnfnrmity 
Jogira Formation 
Marh Formation 
Palana Formation 
Unconformitv 
LITHOLOGY 
Sands 
Conglomerate, Sandstone, Gypsites 
Marl, Fuller's Earth, Limestones 
Fuller's Earth, Limestone, Shales 
Black Carbonaceous Shales Lignite, 
Sandstones, 
Permian 
Cambrian 
Proterozoic 
Badhaura Formation Pebbly Sandstones, Shales 
-Unconformity 
Carboniferous Bap Formation Conglomerates, Sandstones, Evaporites 
Unconformity 
Nagaur Formation Sandstones, Conglomerate Evaporites 
Bilara Formation Dolomites, Limestones, Chert 
Jodhpur Formation 
• Uncorformity 
Sandstones, Conglomerates, Shales. 
Malani Igneous 
Suites 
Basement Rhyolites, Volcaniclastics and 
Granites 
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Pareek 1981,1984; Chauhan et al 1991). It was assigned a Late 
Proterozoic - Early Cambrian age on the basis of its 
superposition on Malani rocks (745+lOMa) with a pronounced 
unconformity and some doubtful fossils i.e. orthis, algal 
remains, lamellibranches and brachiopods (Khan 1973). The 
sequence was also correlated with Cambrian sequence of Salt 
Range (Pareek 198lb,1984; Valdiya 1995). 
The Late Palaeozoic sequence of this basin 
consist of Bap and Bhadaura Formations of Permo-Carboniferous 
and Lower Permian respectively. The gross lithology of Bap 
Formation is boulder clay, claystones, conglomerate and few 
thin horizon of gypsum calcite. Towards top conglomerates of 
fluvio-galcial origin are also present. Bhadaura Formation 
grades over Bap Formation and is 350 m thick comprising 
siliclastics mainly. 
After the deposition of Late Palaeozoic 
sequence there was a very large time gap represented by a 
hiatus covering almost all the Mesozoic. The sedimentation 
again started during Palaeocene (Palana Formation) depositing 
black carbonaceous shale and lignites. The deposition 
continued to Palaeocene - Lower Eocene with the deposition 
of Fuller's earth and argillaceous limestones (Marh 
Formation) and ended with the deposition during Middle Eocene 
of alternations of marl, Fuller's earth, limestones etc 
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(Jogira Formation). The Quaternary deposi t s are represented 
by 50-70m t h i c k d e s e r t sands and dunes with poor ly 
s t r a t i f i e d conglomera tes , g r i t t y s a n d s t o n e s , fe r rug inous 
sandy clay, Kankar and gypsi tes . 
Jodhpur Formation 
The rocks of Jodhpur Formation (Shrivastava 
1992; Misra e t a l . 1993; Das Gupta and Bulgauda 1994), 
formerly Jodhpur Group were subjected to sedimentological 
s tudies to d iscern i t s deposit ional environment (Verma 1972; 
Khan et al 1973; Awasthi 1977; Awasthi and Parkash 1981; 
Chauhan et a l 1991) . The Jodhpur Formation has been divided 
into Basal Conglomerate and Jodhpur sandstones. 
Awasthi amd Parkash (19 81) covered a very 
l a r g e a rea and gave a d e t a i l e d account of var ious 
l i t h o f a c i e s , mode of occurrance c y c l i c i t y and t h e i r 
deposi t ional environment. They suggested the deposit ion of 
these sedimentaries in shelf, lagoon beach and braided r iver 
environments in t r a n s g r e s s i v e and r e g r e s s i v e phases . The 
sediments were brought from Aravall i - Delhi fold be l t lying 
in the eas t , southeast and were dispersed in western and 
northwestern d i r ec t i on , in a basin with ac t ive faul t margins. 
Chauhan e t a l . (1991) s t u d i e d the 
s i l i c l a s t i c s a s s o c i a t e d with Jodhpur Formation in the 
v i c in i t y of the Jodhpur c i ty (Fig.2) . They iden t i f i ed three 
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Figure 3 Composite generalised stratigraphic section of the 
Jodhpur Formation (modified after Chauhan et al 
1991). • ax. 
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lithofacies of deltaic beach and braided deposits (Fig.3). 
The paleocurrent data suggested major flow direction towards 
northwest, west and southwest which were consistant in time 
and space during the deposition of Jodhpur sandstones. 
The sandstones were deposited unconformably 
on both the falnks of a protruding basement comprising of 
volcaniclastics and rhyolites (Fig. 4) . The contact between 
elastics of Jodhpur Formation and basement rocks are usually 
sharp, with slightly different attitude and without any 
interevening lag deposits. The sandstones were some times 
found to contain angular clasts of tuffs but not of rhyolites 
though conglomerate of Jodhpur Formation do contain rhyolite 
cobbles and boulder. 
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CHAPTER III 
TEXTURE 
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Freshly liberated detritus from their parent 
rocks, by the process of denudation undergoes myriad of 
textural and compositional modifications in sedimentary 
milieu, before their final emplacement. The physical 
processes operating upon the detritus at the time of 
deposition impart a distinctive textural "imprint" on the 
sediment. The size, shape and fabric characteristics of the 
detrital grains and the pore system of sand and sandstones 
are part of this 'imprint'. Hence there is hardly any concept 
of interpretation of sedimentation history of a sandstone 
that does not include its textural properties. 
The petrofacies composition is largely 
controlled by source rock composition and tectono-climatic 
setup of source area, but the *ultimate' composition evolves 
through several stages including pedogenesis, erosion, 
physical and chemical break down during transportation, 
hydrodynamic sorting and burial diagenesis. These processes 
often result in mineralogical maturation thereby giving false 
signature of some petrofacies and then leading to a wrong 
interpretation. For a meaningful interpretation of 
petrofacies, restoration of the true composition is required 
which may be achieved by integration of textural data with 
that of depositional environment and paleoclimate. 
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Table 3. Proposed classes of grain elongation index (Houseknecht 
1988) . 
SI.No. Limiting Values Proposed Classes 
1 0 - 0 . 2 0 Very high elongation index VHE 
2 0,20-0.40 High elongatin index HE 
3 0,40-0.60 Medium elongation index ME 
4 0,60-0.80 Low elongation index LE 
5 0.80-1.00 Very low elongatin index VLE 
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Pore system in a sandstone and their 
evolutionary trend are also controlled by texture. Grainsize 
and sorting are of major importance which determine the 
original porosity and permeability and may play an important 
role during mechanical and chemical diagenesis. 
In this study of sandstone petrofacies and 
diagenesis, due attention has been given to textural 
properties. The textural parameters analyzed include mean 
size, sorting, skewness and kurtosis (Folk 1980) , roundness 
(Powers 1953) and elongation index (Houseknecht 1988). 
Elongation index is defined as the ratio of apparent maximum 
width to length of a grain in the plane of thin section. For 
qualitative description of elongation index the values were 
grouped into five proposed classes as given in table (3) The 
textural maturity of the sandstones was also determined as 
per the Folk's (1980) method based on sorting, roundness and 
clay/matrix content. 
Table 4 gives the details of textural 
parameters and their values for the studied sandstones. A 
brief section wise description of textural properties of the 
sandstone are as follows: 
JODHPUR FORT SECTION 
Sandstones of lower deltaic lithofaiecs are 
exposed overlying very fine grained dark brown tuff near the 
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Table 4 Grain size paraieten based on Folk (1910 and grain shape paraieters based on Povers (1953) 
and Boaseknecht (1981) of the Jodhpar Sandstones. 
S.No.jSaiple Ro. S 
JODHPOR FORT SECTIOI 
1 J l 
2 n 
3 ..n 
4 J4 
5 J5 
Mean 
Std. Dev. 
2.33 P 
2.20 F 
2.43 F 
2.38 F 
1.95 F 
2.25 
0.19 
0 , % MS 
0.92 MS 
0,68 MWS 
0,69 MWS 
0,58 MWS 
0.77 
0.17 
SIl 
-0 .30 CS 
-0 .10 NS 
-0 ,20 CS 
0.23 FS 
-0 ,15 CS 
-0 .10 
0.20 
1 K ! 
0.94 MK 
0.98 MK 
1,13 LK 
1,10 m 
1,67 VLK 
1,16 
0.29 
8 1 
(1.33 SA 
0,32 ik 
0,35 SJ 
0 . ]4 Si 
0,33 SA 
0,33 
0.01 
S . I . 
0 ,61 18 
0,58 m 
0,66 LE 
0.67 LE 
0,62 LE 
0.63 
0.03 
FW 1 
83 ,8 
85 .0 
76.7 
85 .0 
82 .8 
82 .6 
3.4 
tUT 1 TBIT.UT.I 
16.2 
15,0 
23.3 
15,(1 
17.2 
17.4 
3.4 
IffiBature 
iMatnrf: 
iBiBature 
Imature 
Isaature 
HIREIBSS BILL SBCTIOR 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Wl 
w2 
W3 
W4 
W5 
N6 
W7 
M8 
W9 
«10 
1.55 H 
1.71 M 
1.50 H 
1.48 M 
1.58 M 
1.63 « 
1.16 H 
1,26 M 
l.U H 
0.78 C 
0.74 MS 
0,71 MKS 
0,93 MS 
0,50 WS 
0.91 MS 
0.82 MS 
0.92 MS 
0,80 MS 
0.78 MS 
0.62 MWS 
0,05 NS 1.16 LK 
-0.15 CS 1.01 MK 
-0,14 CS 1.04 MS 
-0,13 CS 0,93 MS 
-0,15 CS 1,09 MS 
0,07 NS 1.23 LS 
0,17 FS 0.77 PS 
0,04 NS 0,78 PS 
0,20 FS 0.95 MS 
0.16 FS 1.17 LS 
0,36 SB. 
0,38 SR 
0,39 SR 
0,31 SA 
(1,37 SR 
0,66 LE 
0.63 IE 
0,61 LB 
0,62 LB 
0,65 LE 
0,37 SR 0,67 LE 
0,32 SA 0,60 ME 
0,42 SR 0,70 LE 
0,33 SA 0.71 LE 
0.45 SR 
93.9 
91.6 
95.5 
90.0 
93.0 
80.0 
93.2 
95.0 
90.7 
0,68 LE 100.0 
6,1 laiature 
8.4 iKiature 
5,0 Subsature 
10,0 IiiaUire 
7,0 Iffiaature 
20,0 iBBature 
6,8 Isunature 
5,0 Subaature 
9.3 Imature 
- Mai ure 
Mean 
Std. Dev. 
1.37 
0.29 
0.77 
0.13 
0,01 
0,14 
1,01 
0.15 
,37 
.04 
0 , 6 5 
0 , 0 3 
9 2 , 3 
5 . 1 
7 ,7 
5 , 1 
mjhlh SECTIOB 
16 PI 2 . 6 1 F 0 . 6 2 MWS - 0 . 0 3 NS 1.32 LS 0 ,35 SA 0 . 6 8 LE 81.8 18.2 ImaUire 
17 P2 0 . 8 0 C 0 . 8 8 MS - 0 , 0 9 NS 1,25 LS 0.17 SR 0 ,67 LE 8 2 . 1 17.') iBBiature 
18 P3 0 . 7 8 C 0 . 6 7 MWS - 0 , 1 2 FS 1.09 MS 0 . 3 6 S R . 0 , 7 1 LE 80.2 19,8 Imhire 
19 P4 1 .00 C 1 .46 PS 0 . 3 9 FS 0.64 PS 0 ,38 SR 0 . 7 3 LE 7 7 . 8 2 2 . 2 Immature 
20 P5 0 . 5 3 C 0 . 9 4 MS 0 . 0 6 NS 1.05 MS 0 , 3 1 SA 0 . 6 6 LE 86.7 13,3 Imiature 
21 P6 2 . 3 6 F 0 . 6 4 MWS - 0 . 0 1 HS 1.03 MS 0 , 3 7 SR 0 , 5 4 HE 79.8 20,3 Imibm 
Mean 
S t d . Dev, 
1 .34 
0 . 9 0 
0,87 
0.32 
0,07 
0.17 
1.06 
0.23 
0.36 
0.02 
0.66 
0.06 
81.4 
3.0 
18.6 
3.0 
Contd, 
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MASOBIi HILL SBCTIM 
22 MSI 1.13 H 0,52 KWS 0.30 PS 1.02 MS 0.?3 SR 0.66 IE 86.4 13.6 iBnati.ire 
23 MS2 1.41 H 0.73 MS 0 HS 1.20 LK 0,35 S* 9.60 ME 78.5 21.5 luature 
24 MS3A 1.28 M 0.65 MWS 0.05 HS 0,97 m 0,43 SP. 0.63 LE 84.2 15.8 iBiature 
25 MS3B 1,33 M 0,62 MWS -0,09 HS 0,98 m 0,38 SB. 0,60 ME 82,3 17,7 Iiaatute 
26 NS3C 1.52 M 0.53 «WS -0.11 CS 1.03 MK 0,45 SP. 0,67 LE 93.1 6,9 Imatnre 
27 MS4 1.31 M 0.57 m 0.10 PS 0,97 MK 0,42 SR 0.61 IE 85.8 14.2 Imatiire 
28 MS5 1.50 M 0.74 MS -0.12 CS 0,87 PK 0,46 R 0.63 LE 87.0 13.0 iMiature 
Mean 
Std.Dev. 
1.35 
0,13 
0.62 
0.09 
.02 
,14 0,10 
0,41 
0,04 
0,63 
0,02 
83,3 
4,5 
14,7 
4,5 
Qmm SECTION 
29 Gl 2,10 F 0.73 MS 0.18 PS 1.11 MK 
30 G2 1.85 M 1.07 PS 0.32 SFS 1.02 MK 
31 G3 2.21 P 0.92 MS 0.30 PS 0,82 PK 
32 G4 1.43 M 0.63 M«S 0.48 SPS 0.65 PK 
33 G5 0.60 C 0.62 MWS 0.26 PS 1,14 LK 
34 G6 1.00 C 0.55 MWS -0.02 NS 1.25 LK 
35 G7 1.15 M 0.69 MKS -0.07 NS 0.82 PK 
36 G8 1.36 M 0.80 MS 0.15 CS 1.00 MK 
37 G9 1,50 M 0.70 MWS 0.07 HS 1,02 M. 
38 GIO 1.33 M 0.58 MWS -0.03 HS 1,09 MK 
39 G U 1,56 H 0.72 MS 0.15 PS 0.89 PK 
0 
0 
0 
0 
,40 SR 
,31 ih 
,36 SR 
,43 SR 
,33 SA 
,40 SR 
,42 SR 
,39 SR 
,40 SR 
,38 SR 
,40 SR 
0,62 LE 
0,65 LE 
0,55 ME 
0,66 LE 
0.68 LE 
0.65 LE 
0,71 LE 
0.67 LE 
0.69 LE 
0.61 LE 
0.62 LE 
81.1 
76.2 
82.2 
92.2 
98.2 
97.3 
96.0 
1.00 
98.0 
89.0 
97.8 
18.9 lasature 
23,8 Iinaturp 
17,8 laiiature 
7,8 iBnature 
1.8 Mature 
2.7 Mature 
4,0 Submature 
0,0 Mature 
2,0 Mature 
11,0 iBisature 
2,2 Mature 
Mean 
Std. Dev. 
1.46 
0.47 
0.73 
0.15 
.16 
,17 
1,98 
0,17 
0,38 
0,01 
0,64 
0,04 
91.6 
8.3 
8.4 
8.3 
KiBIR liS&R SECTIOR (BAST) 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
Kl 
K2 
R3 
K4 
R5 
m 
m 
K7 
K8 
K9 
KIO 
K13 
K14 
3.12 VP 
1.15 M 
1.50 H 
2.08 P 
1,21 M 
0.88 C 
1.73 H 
1.50 C 
0.81 C 
1.58 M 
0.96 C 
1.30 M 
1.38 M 
1.32 M 
0.83 MS 
0.76 MS 
0.65 MWS 
0.85 MS 
0,65 MWS 
0.65 MWS 
0.66 MWS 
0.78 MS 
0,60 MWS 
0.68 MWS 
0.79 MS 
0.67 MWS 
0,61 MWS 
0,62 MWS 
-0,18 CS 
0.07 NS 
-0.01 HS 
0.19 PS 
0,03 HS 
0.06 HS 
0,07 NS 
0 HS 
-0.01 HS 
0,05 HS 
-0,09 HS 
0.18 PS 
0.12 PS 
0.17 PS 
0.40 m 
1.27 LK 
1.37 LK 
0.96 MK 
1,08 MK 
1.19 LK 
1,07 MK 
1,23 LK 
1,00 MK 
1,13 LK 
1,29 LK 
1,18 LK 
0.99 MK 
1.07 MK 
0,40 SR 
0,39 SR 
0,39 SP 
0,42 SA 
0.43 SR 
0,38 SR 
0,40 SR 
0.44 SP 
0.49 R 
0.44 SR 
0.45 SR 
0.41 SR 
0.43 SR 
9.39 SR 
0.67 LE 
0.65 LE 
0.74 LE 
0.63 ME 
0.58 ME 
0.65 LE 
0.63 LE 
0.72 LE 
O.fiS LE 
0.69 LE 
0.70 LE 
0.60 HE 
0.59 HE 
0.64 LE 
81.9 
94.0 
92.3 
82.8 
85,0 
84.5 
82.0 
85.5 
79.5 
88.5 
81,0 
73.0 
79.5 
81.4 
18.1 Ijiiature 
6.0 Iiw.ature 
7.7 Imaature 
17.8 Jwiature 
15,0 lauature 
15.5 Immature 
18.0 Immature 
14.5 Im.!iiature 
20.5 Immature 
11.5 Imaature 
19.0 Imnature 
27.0 Ii iature 
20.5 Immature 
18.6 lisature 
C i i n t d . . . 
u 
54 116 1.78 M 0.65 «WS 0,05 HS 1,31 U 0,41 SS. 0.61 IE 92.8 8.0 laiatiire 
55 m 1.29 H 0.67 m 0.02 NS I.IO HK 0.43 ?R 0.60 MB 97.4 2.6 Subiature 
Hean 1.41 0.69 0.04 1.10 0,42 0.65 84.9 15.0 
Sid, Dev. 0.69 0.08 0.09 0.22 0,03 0,04 6.3 6.3 
K&BIR R&G&R SECTId (MEST) 
56 K26ft 1.48 H 0.61 HWS -0,03 NS 0,% «!( 0,37 SR 0.66 LB 84.4 15,6 Iraature 
57 K26B 1,52 M 0,58 MWS 0.08 NS 1,01 MK 0.34 SA 0.69 LB 38,6 11,4 Isjature 
58 R27 1.06 M 0,60 M«S 0,14 PS 0,()2 MC 0,37 SB 0,67 LB 87,4 12,6 Iwature 
59 C28 2,25 F 0,71 MWS -0,22 CS 1,07 K!l I),40 SP 0,60 ME 78,3 21,7 IsMtore 
60 K29 1.83 M 0,43 WS 0,18 PS 0,06 M 0.41 SR 0,61 LB 88,1 11,9 Imibw". 
Mean 1,62 0,58 0,03 1,(10 0,37 0,64 85.4 14.6 
Std. Dev. , 0,44 0,10 0,16 0.06 0,02 0.04 4.3 4.3 
FIDQSiR DIVERSIOR SECTIOI 
61 PI -0.15 VC 0.96 MS -0,58 CS 1.12 LK 0,36 S8 0.67 LB 97,2 2,8 Subiature 62 
63 
64 
65 
Mean 
Std. 
F2 
F3 
P4 
P5 
Dev. 
SmShGiA SECTIOM 
66 
67 
68 
69 
70 
Mean 
Std. 
71 
72 
73 
74 
75 
Mean 
Std. 
SI 
S2 
S3 
S4 
S5 
Dev. 
S6 
S7 
S8 
S9 
SIO 
Dev. 
2,90 P 
0.80 C 
2.02 P 
1,68 M 
1.85 
1.23 
2.10 F 
1.62 M 
1,60 H 
1,63 M 
1.25 H 
1.64 
0.3O 
1,00 C 
1.6? H 
1,48 M 
1.65 H 
1,95 M 
1.54 
0.35 
0.99 MS 
0.59 MWS 
0.60 MWS 
0.55 MWS 
0,78 
0,21 
0,61 MWS 
0,60 MWS 
0,68 MWS 
0,90 MS 
0.86 MS 
0.73 
0.14 
0,76 MWS 
0,86 MS 
0.53 MWS 
0,60 MWS 
0,61 MWS 
0.67 
0.13 
-0 .04 NS 
-0.01 NS 
-0.10 NS 
-0,06 NS 
-0 .11 
0,26 
0,05 NS 
0,-03 NS 
0.16 PS 
-0,17 CS 
0.09 NS 
0.03 
0,12 
0.66 PS 
-0.10 NS 
-0.02 NS 
-0.05 NS 
-0,04 NS 
0.11 
0.31 
1,49 U. 
0.88 PK 
1.10 MK 
1.08 MK 
1.13 
0.22 
1.48 LK 
0,80 n 
1,28 LR 
1,30 LS 
1,07 MK 
1,18 
0,26 
0,92 MK 
0.88 PK 
0,90 PK 
1.12 LK 
1,88 PK 
0.94 
0.10 
0,33 Si 
0,31 SA 
0.42 S8 
0.41 SR 
0,37 
0,05 
0,43 SR • 
0,39 SR 
0,36 SR 
0.41 SR 
0,46 SR 
0,41 
0.03 
0,32 « 
0.41 SR 
0.34 SA 
0,35 SA 
0,37 SR 
0.36 
0.03 
'.• t V f Uli 
0,66 LB 
0,76 LB 
0.63 LB 
0.67 LB 
0,68 
0,04 
0,64 LB 
0.60 ME 
0.57 MB 
89.5 
87.4 
100.0 
100.0 
94.8 
5.9 
92.0 
86.9 
93.0 
0,85 VLB 89.5 
0.73 LB 
0,67 
0,11 
0,64 LB 
0,67 LB 
0,57 ME 
0.66 LE 
0.70 LE 
0.65 
0.05 
85.5 
89.2 
3.4 
87.9 
90.0 
89.2 
90.7 
92.2 
90.0 
1.6 
10,5 
12.6 
0 
0 
5,2 
5,9 
8,0 
14,0 
7,0 
10,5 
14,5 
10,8 
3,4 
12,1 
10,0 
10,8 
9,3 
7.8 
10.0 
1.6 
•-".'.i.'Hiai. M . i , 
I Mature 
I mature 
Ma'•"re 
Mature 
laaature 
IiBature 
iMature 
Iisati.i.re 
laaature 
I"nature 
laaature 
Iisature 
Is iature 
I Mature 
Cnntd.. . 
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DEOSII SECTIOI 
76 
77 
78 
79 
60 
Mean 
Std, 
Dl 
02 
D3 
D4 
D5 
Dev. 
2.15 F 0.68 «WS 0,10 FS 1.18 U 0.43 SA 
1.81 H 1.06 PS -0.05 NS 0.75 PK 0.38 SR 
1.43 H 0.88 «S 0.04 NS 0.79 PK 0.33 SA 
3.05 VP 0.75 HS 0.14 FS 0,94 m 0,37 SR 
1.55 H 0.70 H«S 0,03 HS 1.13 LK 0.39 SR 
2.00 
0.05 
0.81 
0.15 
0.05 
0,07 
0.36 
0.02 
0.63 L8 98.8 
0.62 IE 89.5 
0.75 LE 92.0 
0.63 LE 81.0 
0,71 LE 85,4 
0.67 
0,06 
87.5 
4,4 
10,2 liiature 
10.5 Isffiature 
8,0 IiBiature 
19,0 laiature 
14.6 iBisatiire 
12,5 
4,4 
HOTISAR BHAIiR SECTIOI 
81 
82 
83 
84 
85 
86 
87 
88 
89 
Mean 
Std, 
HI 
M2 
M3 
M4 
H5 
M6 
H7 
M8 
M9 
ev. 
l.ni) c 
1,16 M 
0,88 C 
0,50 C 
9,76 C 
1,31 M 
1.18 M 
1.63 « 
1.34 H 
1.09 
0,33 
0,78 MS 
0,78 MS 
0,67 MWS 
1,01 PS 
0,68 HWS 
0,56 M«S 
0,79 MS 
0,87 MS 
0,66 ms 
0,75 
0,13 
-0,03 SS 1,53 "Jlj 
-0,16 CS 1,70 VLK 
0,07 HS 1,13 U 
-0,37 CS 1,08 m 
0,06 HS 0,97 Hi; 
0,20 FS 0,84 n 0,33 SA 
0 HS 1,23 U 0,38 RS 
0,07 NS 0,94 MK 0,41 SR 
-0,23 CS 0,96 MH 0.39 SR 
,34 SA 
,y) SA 
0,33 SA 
0.34 SA 
0.39 SR 
-0,04 
0,17 
1.25 
0.29 
0,35 
0.03 
0.73 LE 88.8 
0.60 ME 81.9 
0.64 LE 85.7 
0.67 LE 90.8 
0.70 LE 89.0 
0.61 LE 99,0 
0,68 LE 100,0 
0.63 LE 91.3 
0.66 LE 4.0 
0.65 
0.04 
11.2 Imffiab.ire 
18,1 iBEaturf; 
14.3 Iifflaturp 
9,2 laiaturi? 
11,0 Imiatvi.re 
1,0 Mature 
0 Si.ihtatuce 
8,7 liaati.ire 
6,4 iMature 
I Nz I I SKI KG E.I. I FNK I MAT I TEfT.MT.j 
Mz-Hean size.-C^I-Sorting, SKI-Skewness, KG-Hurtosis,. P-RnunHness,- EI-Eloogation index..-
FWK-Praaework grains, MAT-Natrix, TEX.MAT.-Textiiral satiiriliy. 
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Fort. These sandstones are thinly bedded to laminated and are 
micaceous which impart them a splintery character. Five 
samples from a 2m thick section were collected. 
Most of the sandstones are fine grained. 
Their mean size values range from 1.95 0 to 2.43 0 , 
averaging 2.25 jd . The sorting values vary from 0.58 f! to 
0.98 j3 averaging 0.77 / . The skewness values range from 
0.23 to -0.30, averaging -0.10. Kurtosis values range from 
0.94 to 1.67 averaging 1.16. 
Average grain roundness values of the samples 
vary in between 0.32 to 0.35 and lie well within the limits 
of subangular class. Most of the samples show low elongation 
index with a range of 0.58 to 0.67 and average of 0.63. 
Based on Folk's (1980) scheme of textural 
maturity the sandstones are texturally immature due to poor 
sorting, angularity and high percentage of matrix. 
WIRELESS HILL SECTION 
One Km N of Jodhpur Fort, sandstones 
unconformably overlying rhyolites are exposed in a hill 
section. The sandstones are thickly bedded with abundant 
planar and trough cross bedding . Their colour is maroon at 
the base and yellowish white at the top. Occasional pebbles 
of tuffs are embedded in basal sandstones. 
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Most of the sandstones are medium grained 
with a mean size range of 0.78 ^ to 1.71 0, averaging 1.37 (^. 
Their sorting ranges from 0.50 0 to 0.93 0 averaging 0.77 p. 
The skewness values vary from -0.15 to 0.20 averaging 0.01. 
kurtosis values vary from 0.77 to 1.23 averaging 0.01. 
The roundness values range from 0.31 to 0.45 
with an average of 0.37. Almost all the samples show low 
elongation index values which range from 0.60 to 0.71. 
Most of the sandstones are texturally 
immature but few are submature and one is mature. 
PUNJALA SECTION 
Sandstones of deltaic facies are exposed in 
Punjala village near Lilipa Bhakar area around 7 km NE of 
Jodhpur Fort. Six sandstones samples were collected from the 
outcrop section at an interval of one meter. The sandstones 
are dark brown in colour, mostly coarse grained and thickly 
bedded. 
The mean grain size values range from 2.61 j3 
to 0.53 jf) averaging 1.34 0. The sorting values vary from 0.62 
^ to 1.46 f) and average 0.87 ^ . The skewness values range 
from -0.09 to 0.39 and most of the samples show near 
symmetrical distribution. The kurtosis values vary in between 
0.64 to 1.32 with a mean of 1.06. 
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The roundness values range from 0.31 to 0.38 
averaging 0.36 The elongation index values range from 0.54 to 
0.73 with an average of 0.66. 
All the sandstones from this section are 
immature owing to poor sorting and high percentage of matrix. 
MASURIA SECTION . 
In an isolated hill rhyolites and the 
overlying sandstones of deltaic facies are exposed 2 and 1/2 
km SW of Jodhpur Fort. Seven samples from this section were 
collected from the western face of the hill. The sandstones 
are pink coloured and are planar to cross bedded. 
Almost all the samples are medium grained 
with a mean size range of 1.28 ^ to 1.52 j2f. The sandstones 
are moderately well sorted v.'ith a range of 0.52 J3 to 0.74 jd. 
Their skewness values range from -0.12 to 0.30 with an 
average of -0.02. The kurtosis values average 1.00 and show a 
range of 0.87 to 1.20. 
The roundness values vary in between 0.35 to 
0.46 and the elongation index values range from 0.60 to 0.67. 
The sandstones of this section too are 
texturally immature primarily due to the presence of matrix. 
6AN6ANA SECTION 
Deltaic sandstones of the Jodhpur Formation 
are exposed near Gangana village, 15km, SW of Jodhpur Fort. 
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Eleven sandstone samples were collected from a quarry 
section. 
The sandstones are mostly medium grained and 
moderate to moderately well sorted. Mean grain size values of 
the sandstones range from 0.60 p to 2.21 0 with an average of 
1.46 0. The sorting values vary in between 0.55 J3 to 1.07 0 
averaging 0.73 p. Most of the sandstones are fine skewed with 
values ranging in between -0.07 to 0.48 with an average value 
of 0.16. The kurtosis values range from 0.65 to 1.25 
averaging 0.98. 
The roundness values range from 0.55 to 0.71 
with an average of 0.64. Most of the samples show low 
elongation index which range between 0.55 to 0.71 and average 
0.64. , 
Sandstones lower in the section are 
texturally immature due to higher percentage of silty matrix 
and also due to poor sorting, higher in the section the 
sandstones become mature as matrix content decreases. 
KABIR NAGAR SECTION (EAST) 
Two and a half km W of Jodhpur Fort a 35 to 
40 m thick sequence of basal conglomerate, shales and 
sandstones are exposed in an arcuate scarp, unconformably 
overlying rhyolite. The conglomerates and shales are 
restricted to the western and northern faces of the scarp. 
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The eastern face shows laminated and thinly bedded sandstones 
at the base followed upward by thickly bedded sandstones. 
The sandstones are mainly medium grained but 
few coarse and fine grained one are also present. Their mean 
size values range from 0.50 0 to 3.12 J? averaging 1.41 ^. The 
sorting values have a range of 0.61 0" to 0.85 jZT and average 
of 0.69 p. The skewness values vary in between -0.18 and 
0.19, with most of the sandstones showing near symmetrical 
to fine skewness. The kurtosis values range from 0.40 to 1.37 
with an average of 1.10. 
The roundness values ranges from 0.3 8 to 0.49 
with an average of 0.42 the surrounded grains predominate. 
Elongation index values range from 0.59 to 0.74 with an 
average of 0.65. 
Most of the sandstones are texturally 
immature due to poor sorting and high percentage of matrix. 
KABIR NAGAR SECTION (WEST) 
Five sandstone samples from the western face 
of the Kabir Nagar scarp were collected. The sandstones 
overlie the rhyolites with a more or less sharp unconformable 
contact. The sandstones are some what less lithified and are 
browinsh in colour. 
The mean size of the sandstones ranges from 
1.06 Sf to 2.25 0, and sorting from 0.43 0 to 0.71 JS. The 
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skewness values range from -0.22 to 0.18 with an average of 
0.03. most of the samples show mesokurtic distribution and 
kurtosis values range from 0.92 to 1.07. 
The roundness and elongation index values 
range respectively from 0.34 to 0.41 and 0.60 to 0.69. 
The sandstones are texturally immature due to 
higher percentage of matrix. 
FIDUSAR DIVERSION SECTION 
Deltaic sandstones representing distributary 
channel deposits are exposed in a hill section 3km W of 
Jodhpur Fort. Five sandstones from this section were 
collected at an interval of one meter. 
The lowermost sandstones overlying rhyolites 
is very thick bedded to massive, and is very coarse grained. 
The overall mean grain size of the sandstones range from -
0.15 j3 to 2.90 <0 averaging 1.45 0. The sorting values range 
from 0.59 0 to 0.99 0 with an average of 0.74 y0. The skewness 
and kurtosis range from -0.58 to -0.01 and 0.88 to 1.49 
respectively. 
The roundness values vary in between 0.31 to 
0.42 and elongation index values in between 0.63 to 0.77. 
The sandstones are texturally immature to 
submature at the base and mature at the top. 
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SURSA6AR SECTION 
Sandstones of beach facies are exposed in the 
low lying outcrops near Sursagar 5km NW of Jodhpur Fort. The 
sandstones are thin to medium bedded and show profusely-
rippled bedding surfaces. Ten sandstone samples from two 
different places in a large sandstone quarry were collected. 
The mean grain size ranges from 0.10 J? to 
1.25 0 (ave. 1.64 j0) at first site and from 1.95 Id to 1.00/0 
(1.54 0) at another . Sorting values range from 0.60 JS to 
0.90 ^ and 0.53 0 to 0.86 P'respectively. Most of the samples 
are of near symmetrical distribution with a range of 
skeweness values of -0.17 to 0.16 and 0.66 to 0.02 
respectively. Lepto and platykurtic sandstones predominates 
followed by mesokurtic ones. The overall range of kurtosis 
values are 0.80 to 1.48 and 0.88 to 1.12. 
The roundness values vary in between 0.36 to 
0.46 and 0.3 2 to 0.41 and elongation index values in between 
0.57 to 0.85 and 0.57 to 0.70. 
The sandstones are texturally immature mainly 
due to higher percentage of clay matrix. 
DEORIA SECTION 
Around two km W of the Sursagar section, five 
samples were collected from Deoria sandstones quarry. The 
sandstones are thinly to medium bedded with abundant ripple 
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marks at the top of almost each bed. 
The mean size values of the sandstones range 
from 1.43 ^Cf to 3.05 j6 with an average of 2.00 0. The sorting 
values range from 0.68 jS to 1.05 ef averaging 0.81 ji. The 
skewness values vary in between -0.05 to 0.14 and the 
kurtosis values from 0.75 to 1.18. 
The roundness values range from 0.33 to 0.39 
and elongation index from 0.63 to 0.75. 
The sandstones are texturally immature due to 
higher percentage of clay matrix as well as comparatively 
poor sorting and roundness. 
MOTISAR BHAKAR SECTION 
Very extensive outcrops of fluvial braided 
channel lithofacies are exposed in Motisar Bhakar area 6 km N 
of Jodhpur Fort. The sandstones are thickly bedded and are 
dark brown in colour. The sandstones are gritty to pebbly and 
cross bedded. 
The mean grain size values of the sandstones 
range from 0.50 jS to 1.63 /0 with an average of 1.09 JS. The 
sorting values range from 0.56 J3 to 1.01 ^ with an average of 
0.75 0. The skewness varies in between -0.37 to 0.20 
averaging 0.04 and kurtosis from 0.84 to 1.70 averaging 1.15. 
The roundness values range from 0.33 to 0.41 
and elongation index from 0.60 to 0.70. 
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The sandstones are texturally immature due to 
higher percentage of matrix and poor sorting. One sample 
each is texturally submature and mature. 
CHAPTER IV 
CaMPDSITIDN 
PETRDFACIES 
AND 
TECTDNa-
PRQVENANCE 
4fi 
The composition of freshly liberated detritus 
is strongly controlled by the source rock composition, varied 
association of rocks at the source area and the structural 
state of the rocks . The fundamental control on the spatial 
distribution, association and the structural state of the 
rocks are inturn controled by tectonic history and the 
prevalent tectonic setting at the source area. The liberated 
detritus are then operated upon by myriad of processes 
associated with the denudation, transport, deposition and 
lithification. The sum total effect ot" almost all the 
processes is the diminishing of unstable detrital modes and 
overall enrichment of the stable ones. Hence the ^ultimate' 
composition of detritus of clastic rocks are some times found 
to be very different from their precursor material But the 
diligent analysis of the 'ultimate' composition by 
integrating with the igneous, structural and geomorphic 
history of probable provenance, transport and depositional 
mechanism, can lead to the identification of true or 
'generic' tectono-provenance. 
In the last two decades considerable amount 
of work has been carried out through out the world on the 
elastics specially on the sand and sandstone composition and 
its tectonic connotations (Dickinson 1985; Ingersoll 19"|8; 
Ingersoll 1990). The composition of sandstone and its 
1? 
relationship to tectonic setting was first envisoned by 
Krynine (1942) in terms of then prevalent concept of 
geosynclinal cycle. The advent pf plate tectonics and 
advancement made in understanding of geomorphic processes as 
well as of crustal dynamics have led to the better resolution 
of sedimentary processes and tectonic behavior of provenance 
and depositional basins. 
The sandstone 'petrofacies' defined in terms 
of major detrital modes and their subspecies (Gilbert and 
Dickinson 1970; Swe andDickinson 1970; Dickinson and Rich 
1972; Dickinson and Suczek 1979 ) has extensively been used 
in studies pertaining to sandstone petrography and were found 
useful in diagnosing the tectonic heritance and provenance 
evolution. Various studies on petrofacies of the sandstone 
suites and their collation and comparison to their provenance 
with known tectonic setting has resulted into the model 
ternary diagrams. Dickinson and Suczek (1979) used quartz, 
feldspar and rock fragments with their subspecies to define 
the four most widely used ternary diagrams. They have 
recognised three major group of tectono-provenances based on 
petrofacies of 88 sandstone suites of different ages. In 
general the inference of tectonic setting using these 
diagrams holds good but there are exceptions where false 
signatures are obtained from the * erroneous' sand/sandstone 
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population (Mack 1984 ; Zuffa 1985; Ingresoll 1990). The 
erroneous sandstones petrofacies and their departure from 
the empirical ones have led to the more critical analysis and 
understanding of the sedimentary processes involved in the 
evolution of sandstones composition. 
The important processes and their role in 
modification of original composition of detritus is well 
summarized by Johnsson (1993) . The most important role is 
played by climate and relief which during the processes of 
pedogenesis can obscure the composition of detritus to the 
extent of its total loss of tectonic heritance. Tropical and 
warm humid climate aided by low relief resulting in intense 
chemical weathering is the most effective agent of 
modification of original detrital composition (Basu 1985; 
Grantham and Velbel 1988; Johnsson et. al. 1988; Johnsson 
et.al. 1991). Sediment transport across tectonic boundaries 
and their deposition in tectonically alien basin (Mack 1984; 
Velbel 1985; Lucchi 1985), varying tectonic style at 
provenance and mixing from the two sources (Mack 1984, 
Marsaglia and Ingersoll 199i) , sediment recycling (Blatt 
1967; Cox and Lowe 1995a ), sediment reworking in 
depositional environment (Espejo and Gamundi 1994) and 
diagenesis (Mc Bride 1985, -r ) of the detritus may also 
give to 'erroneous' populations. The synthesis and 
4» 
Table S Detrital •ineHi coipositioD and classification of Jodhpur Sandstones based on Polk's (19S0) lethod. 
SI. I 8MPIE I CQ I VOL Ql VII H SMS I M Q I F | CB 
M. I I I I i I I i I I 
MSP I ?RF I M I B B I DC I Q I P 
I I I 
I I RUB OF TBI 
SMDSTORB 
JODflPOB PORT SECTION 
1 Ptl 
2 Pt2 
3 Pt3 
4 Pt4 
5 Pt5 
Mean 
Std.Dev 
73,(1 
58.0 
82.1 
80.2 
87,5 
76.2 
11,4 
-
-
1.1 
1.0 
1.2 
0.7 
0,5 
-
-
-
-
0.8 
0.1 
0,3 
10.5 
13.0 
3.2 
4.0 
3.1 
6.7 
4,6 
1.8 
1.3 
0.7 
2.5 
1.6 
1.6 
0.6 
1.3 
1.8 
1.9 
1.0 
0.7 
1.3 
0.5 
-
-
1.1 
-
0.3 
0.3 
0.5 
1,8 
1.8 
1,4 
3,6 
0.3 
2,7 4,6 
0,6 10,2 
- 3.6 
- 1.5 
- 1.1 
3.2 
11.6 
2.5 
1.5 
0.3 
0.1 
1,7 
0,7 
2.0 
0.4 
-
-
1.8 
2.5 
2.7 
93.5 
94.8 
95.3 
95.1 
98.0 
1.5 
2.3 
2,0 
1,1 
0.8 
5.0 
2,9 
2.7 
3.8 
1.2 
SLA 
SIA 
QA 
5» 
Q» 
1,8 0,6 4.2 3.8 1.1 1.4 95.3 1.5 3.1 
1,2 1,1 3,6 4.5 0.6 1.3 1.6 0.6 1.4 
NIRELESS HILL SECTIOI 
6 Wl 
7 W2 
B M3 
9 W4 
10 W5 
11 W6 
12 W7 
13 m 
14 W9 
15 WIO 
Hean 
Std.Dev. 
47.8 
58,0 
49,8 
50,0 
50,2 
74,0 
86,8 
88,6 
89,8 
91,2 
68,6 
19,1 
PBSJAIA SECTIOB 
16 PI 
17 P2 
18 P3 
19 P4 
20 P5 
21 P6 
Mean 
Std.Dev, 
83,3 
85,4 
84,6 
73,0 
88,0 
72,3 
81,1 
6,7 
5.6 
2,9 
5,3 
.4.8 
2.7 
2.3 
0.5 
-
-
2.9 
2.7 
2.0 
0,6 
-
1,3 
2,9 
1.5 
0,7 
1,1 
1,0 
0.4 
-
-
-
-
-
0,7 
-
-
-
0.1 
0.2 
-
-
0.4 
-
0.7 
0,4 
0.2 
0.3 
4.3 
2.9 
4.2 
2.4 
2.1 
6.0 
2.6 
6.6 
7.2 
4.5 
4.3 
1.8 
2.7 
3.0 
3.5 
4.2 
4.0 
3.5 
3.5 
0.6 
0.4 
-
0.7 
1.6 
0,9 
1.5 
1.3 
1.0 
1,0 
1,4 
0,9 
0,5 
1,2 
2,4 
1,8 
2,1 
1,8 
2.1 
1.9 
0.4 
-
-
0,4 
-
0.3 
0.4 
0.2 
0.2 
0.6 
-
0.2 
0.2 
0.6 
-
-
-
-
0.3 
0.1 
0.2 
-
0.5 
0.4 
-
-
-
-
-
-
-
0.08 
0.19 
1.6 
1,2 
0.9 
2.5 
-
1.4 
1.2 
0.8 
-
• -
0,4 
0,4 
0,7 
1,5 
1,3 
1,6 
0,7 
-
0,7 
0,6 
4,5 
2,4 
2,2 
3.7 
1.8 
4.6 
3.2 
1.2 
39,3 
32.8 
36,2 
40,0 
43,6 
12,8 
1,5 
0.6 
0,7 
-
20.7 
19.1 
1.1 
1.2 
1.7 
2,0 
0,4 
1,0 
1.2 
0,5 
0.9 
0,5 
0,8 
0,4 
0,2 
1,1 
3,1 
0,8 
-
-
0,8 
0,9 
1.7 
0,3 
0,9 
4.1 
0,7 
5,3 
2,2 
2,0 
-
-
1.1 
-
-
-
0.3 
0.2 
-
-
0,1 
0,3 
-
1,1 
-
3,3 
-
6,0 
1.7 
2.4 
0.9 
1,9 
0.7 
0.4 
0,3 
0,4 
1,7 
0,4 
-
-
0,7 
0,6 
1.6 
0.3 
0.5 
0.5 
1.1 
2.1 
1.0 
0.7 
0.4 
0.5 
-
-
-
h -
-
-
-
-
-
-
1,1 
2,7 
2,2 
1,7 
-
0.3 
1.3 
1.0 
60.0 
65,7 
61,0 
59,5 
56.1 
85.0 
96.8 
98.4 
98,1 
100 
78,7 
19,1 
91.9 
89.4 
95,0 
90.8 
96.0 
91.4 
92.4 
2.6 
-
-
0,5 
-
0.3 
0.4 
0.2 
0.2 
0.7 
-
0.2 
0.2 
0.6 
-
-
-
-
0.4 
0.1 
0.2 
40,0 
34.3 
38,5 
40,5 
43,6 
14,6 
3,0 
1,4 
1,4 
-
21.7 
19.1 
7.5 
10.6 
5.0 
9.2 
4.0 
8.2 
7.4 
2.5 
LA 
IK 
LA 
Li 
Lfi 
SLft 
<ih 
QA 
Qft 
QA 
SLA 
SLA 
QA 
SLA 
QA 
SLA 
C o n t d . . . 
50 
mmih SBCTiop 
u m 
1] HS2 
24 «SJfc 
25 I1S3B 
2^ HS3C 
27 MS4 
28 HS5 
Mean 
Stfl.Dpv. 
61.8 
89,0 
83.5 
89.2 
95.1 
92.0 
97.0 
89.7 
5.6 
GARGMA SECTIOR 
21 Gl 
30 G2 
31 G3 
32 G4 
33 G5 
34 G6 
35 G7 
% G8 
37 G9 
38 GIO 
39 Gil 
Mpan 
Stfl.,D«v, 
75.6 
77.9 
74.2 
90.9 
89.2 
90.0 
92.4 
90,4 
92,2 
94.1 
92,8 
87.2 
7,4 
0.5 
0,7 
1,2 
0.4 
0.7 
0.7 
0.3 
0.6 
0.3 
3.1 
-
1.1 
-
-
0,7 
0.7 
0.4 
0,5 
1.1 
0,6 
0.7 
0.8 
-
0.4 
-
0,4 
-
1.1 
-
0.2 
0,4 
-
-
il,4 
1,3 
-
1,4 
-
-
1.0 
-
-
0.3 
0,6 
4.0 
3.1 
4.8 
3,7 
2.2 
2.1 
0.9 
2,9 
1,3 
4,3 
9,3 
7.2 
4,5 
7,5 
3,8 
3,5 
4,6 
2,0 
2,7 
3,9 
4,7 
2,2 
2.2 
1,4 
2.0 
1.1 
0,7 
0,7 
0.6 
1,2 
0,6 
2.3 
4,0 
2,2 
2.0 
1.4 
2.4 
1.4 
1.8 
1.0 
1,1 
0,5 
1.8 
0,9 
0,3 
0.4 
0,2 
0.4 
0.8 
(1,7 
0.8 
1.0 
0,4 
0,4 
-
-
-
0,3 
0,4 
4.3 
2.0 
3,7 
3,8 
0,3 
2.1 
0,3 
2.3 
1.6 
2.2 
0.7 
1.6 
0.4 
-
0,3 
-
0.7 
0.8 
1.3 
1,0 
1,2 
0,6 
-
0,7 
' 
0,7 
0,5 
- 1.6 
- 0.7 
- 0.8 
-
-
- 0.3 
- 0.3 
- 0.5 
- 0,5 
0.5 
-
0.4 
-
1.0-
-
0.9 
0.4 
0,4 
94.3 
97,8 
93.7 
95.9 
99,6 
97.5 
99.7 
96.9 
2.4 
0.3 
-
0.4 
-
-
-
-
0.1 
0.2 
5.4 
2.2 
5.9 
4.1 
0.4 
2.5 
0.3 
2.9 
2.2 
SLA 
QA 
SLA 
QA 
QA 
QA 
QA 
1 .1 
1 .2 
1 .8 
0,5 
0,4 
3 , 1 
1 ,6 
2 , 5 
0 . 6 
1 ,0 
0 , 3 
0 , 4 
0 ,5 
0 ,5 
0,3 
0.8 
0,4 
3 . 1 
2 .8 
6 , 1 
0 ,7 
0 ,4 
0 ,3 
0 ,7 
0 ,9 
1.0 
3 . 9 2 . 3 -
0 .8 1.2 -
1.4 1.4 1 .0 
0.7 
0.4 
0.4 
0.5 
0,3 
1,4 
0,4 
0,5 
0.6 
94.0 0.4 
95.7 0.9 
9 4 . 4 0 , 8 
9 9 . 3 -
9 8 . 6 -
9 9 . 3 -
9 9 , 6 -
9 9 . 5 -
9 9 , 5 -
100 
99,fi -
5 . 6 
3 . 4 
4 . 8 
0 .7 
1 .4 
0 .7 
0 . 4 
0 .5 
0 .5 
0.4 
SLA 
QA 
SLA 
QA 
QA 
OA 
QA 
QA 
QA 
% 
0 ,4 
0.6 
1,0 0,1 1,4 0,5 0,6 0.3 98,1 0.2 1,6 
1,0 0,2 1,8 1,2 0.7 0,5 2.2 0.3 1.9 
IA6IR IIAGAS SECTIOI (Bast) 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
5fi 
51 
52 
53 
n 
n 
n 
u 
(!5 
i;6A 
!;6B 
n 
u 
Ii9 
no 
1!13 
m 
f:i5 
54.3 
69.6 
67.5 
77,1 
73.8 
87.8 
84,5 
83,3 
83,0 
84,2 
87,5 
79.0 
81.6 
93.0 
7.6 
1.3 
1.4 
0.6 
1.1 
-
1.0 
3.1 
0,9 
1.0 
1.4 
2.2 
-
0.4 
-
o,f. 
-
-
-
-
0.5 
0,8 
0,6 
• -
-
-
-
-
3,0 
13,0 
14,0 
8 5 
8,4 
2,4 
2.6 
0 C 
L I .' 
3,2 
3,7 
4,2 
4,8 
2.5 
3,0 
1,5 
1,5 
0,7 
3,8 
3.6 
2.4 
1.6 
2,7 
2.2 
1,6 
1,4 
3,5 
3,4 
1.0 
0.4 
-
1,0 
0,4 
0,6 
-
0.8 
0,6 
3,5 
-
-
-
-
-
-
1.5 
0,4 
0,6 
1,0 
0,7 
0.5 
-
0.7 
1.1 
1.4 
0.9 
1,1 
l.n 
1.1 
8.2 
4,5 
6,3 
5,9 
2,7 
1,3 
3,4 
1.4 
3,6 
2.1 
4.8 
5.0 
1.3 
23.5 
1.0 
0.7 
1.2 
0,6 
1,0 
0,3 
1,4 
0,7 
2,1 
-
0.0 
0.8 
-
1,5 
1,0 
6,2 
0,2 
1,4 
1.2 
2.9 
1.6 
1.9. 
1.0 
0,7 
3.0 
1.2 
-
3.4 
1.3 
2.7 
0.6 
2.8 
1,5 
1,6 
-
1.3 
-
0.7 
0,9 
-
-
4.1 
1.0 
1,1 
0,8 
0,8 
0.3 
0,5 
-
0,6 
0.5 
-
-
4.4 
-
-
-
-
-
-
-
1.8 
0.5 
-
1.6 
0,7 
0,9 
-
0,4 
71.7 
88.9 
92,7 
91,4 
91,7 
95.5 
96.9 
94.5 
93.6 
93.0 
97,9 
94,0 
93,7 
98,7 
0.5 
-
1.2 
0.5 
0.6 
-
0.8 
0.6 
3.6 
-
-
-
-
-
27.8 
11.1 
6.1 
8.1 
7,7 
4,5 
2.3 
4.9 
2.8 
7.0 
2.1 
6,0 
6,3 
1,3 
LA 
SLA 
SLA 
SLA 
SLA 
W 
QA 
SLA 
SA 
SLA 
QA 
SLA 
SLA 
CA 
C o n t d , , , 
S4 Klf. 
•iS Kl7 
M'.'an 
Std.Dev. 
75.7 
66.1) 
79.2 
9.5 
-
2.(1 
1.5 
1,8 
-
-
0.1 
0.3 
11.•> 
f..2 
h,} 
4.3 
?.? 
1.3 
2.9 
3.3 
1.2 
n-.") 
O.ft 
O.fl 
-
o.i 
0.7 
0.4 
51 
0.(> 1.2 1.4 - 1.3 1.(1 97.0 1.2 l . f i (I/* 
- 0.5 0,9 - - 1.7 98.5 fl.9 O.d j^A 
3.2 2.2 1.6 1.0 0,6 0.5 93.1 0.6 6.2 
2.4 3;7 1.4 1,1 0,9 0.6 6.3 0,9 0.6 
XABIR NAG«R 8ECTI0I (MestI 
56 26A 
57 26B 
58 27 
59 28 
60 29 
Mean 
Sy.Dev, 
55.4 
76.2 
79.6 
75.7 
77.5 
72.8 
9.8 
2,2 
0.7 
1.3 
-
0.5 
0.9 
0.8 
-
0.3 
0.7 
-
-
0.2 
0,3 
17,3 
1,9 
2.0 
4,0 
3,7 
5.8. 
6.5 
2.1 
1.1 
2.3 
1.5 
1.0 
1.6 
0.6 
8.3 
4.7 
5.5 
3.5 
5,0 
5.4 
1.7 
-
1.6 
1.3 
1.0 
1.0 
1.0 
0,6 
9.2 
4.2 
2,9 
2.0 
1,0 
3,8 
3.2 
-
1.6 
0.6 
-
-
0.4 
0.7 
3.1 
1.9 
2.3 
5.1 
4.6 
3.4 
1.4 
2.4 
4.5 
0,9 
6.1 
4.2 
3.6 
2,0 
-
0.6 
0,6 
1.0 
1.5 
0.7 
0.5 
-
0.6 
-
-
-
0.12 
0.26 
81.4 
88.3 
89.2 
93,6 
92.0 
88.9 
4.7 
8.8 
5.2 
5.7 
4.1 
5.7 
5.9 
1.7 
9.8 
6.5 
5.1 
2.4 
2.3 
5.2 
3.1 
SLA 
SLA 
SA 
SA 
SA 
FIDOSAR DIVERSIOR SECTIOH 
61 Fl 31.3 12,0 - 1,5 - - - - 52,6 0.3 - 2,3 
62 F2 61.8 9.8 0,3 3,4 2,4 0.3 0.9 1.2 12.3 3.7 1,8 2.1 
63 F3 82,5 1,1 - 4.3 1,1 0,3 0,7 2.1 2,5 2.8 1,1 1,5 
64 F4 85.2 1,3 0.9 4.6 1.8 - - 0 .9 4 ,0 0,4 - 0,9 
65 P5 83,3 1.5 0.4 11,5 1.1 0.8 0.3 0.4 0.3 0,4 0,3 0,4 
46,0 - 54,0 LA 
83,7 0,3 16,0 SLA 
94.0 0.4 5,7 SLA 
95,0 - 5.0 OA 
98,2 0,7 1.1 fiA 
Mean 6 8 , 8 5 .1 0 .3 5,0 1,3 0.3 0.4 n ,q 14 ,3 1.5 0.6 1,4 - 83,4 0,3 16 ,3 
SW.Dev, 23.0 5 ,3 0,4 3,8 0,9 0,3 0,4 0.8 21,8 1,6 0,7 0,8 - 21,6 0,3 21,7 
SORSAGAE SECTIOR 
66 S-1 
67 S-2 
68 S-3 
69 S-4 
70 S-5 
Mean 
Std.Dev. 
71 
72 
73 
74 
S-6 
S-7 
S-8 
S-9 
75 s-10 
Hean 
StH.Dev, 
90,2 0,8 1,2 3.1 1,2 
92.0 0.4 0,8 3,3 1,4 
95.2 - - 2,4 0.8 
94.1 1.2 - 2,0 -
93.3 1.0 0,7 1,4 0,8 
93.0 0.7 0,5 2,4 0,8 
1.9 0,5 0,5 0,8 0,5 
76.2 1.4 
76.3 0.8 
80.8 1.6 
89.7 1.7 
92.7 1.5 
83.1 1.4 0,2 3,8 1,3 
7.6 0.3 0,3 1,5 0.4 
-
-
-
fl.8 
0,4 
4.3 
3.8 
6,1 
3.0 
1,9 
1,9 
1,5 
1,0 
1.3 
0.8 
0.4 
0.3 
-
-
-
0.1 
0.2 
0.5 
0.4 
0.5 
0.9 
-
0.4 
0.3 
0.4 
0.3 
-
-
-
0,1 
0.2 
3.3 
2.3 
2.6 
1.3 
-
1.9 
1.3 
0,4 
-
-
-
0.3 
0.1 
0,2 
1,4 
1.1 
1.5 
0,4 
0.8 
1.1 
0.5 
0.8 
-
0.4 
0.4 
-
0.4 
0.3 
3.8 
0,8 
1,4 
2.1 
0.4 
1,7 
1,3 
-
-
-
-
-
-
-
2.4 
1,1 
-
0,4 
-
0,8 
1,0 
0,8 
0.5 
0,4 
0,8 
2,5 
1.0 
0,8 
1,0 
0,7 
-
0.4 
0,7 
0,6 
0,4 
0.7 
1.0 
0.8 
1.6 
-
0,8 
0.5 
3,8 
7.2 
4.5 
2.0 
0.8 
3.6 
2.4 
98.8 -
99.2 -
100 -
100 -
100 -
9<i,6 -
0,5 -
94.0 -
95,6 -
95,2 -
97.3 -
99.2 -
96.2 -
2.0 -
1.2 
0.8 
-
-
-
0,4 
0.5 
6,0 
4.4 
4.8 
2,6 
0,8 
3,7 
2.0 
Contd 
QA 
QA 
QA 
QA 
QA 
SLA 
QA 
QA 
QA 
QA 
. . . 
52 
DEORIA SECTIOI 
76 Dl 
77 D2 
78 D3 
79 D4 
80 D5 
Mean 
Std.Oev, 
83.3 
88.3 
92.0 
71.2 
84.1 
33.7 
7.8 
2.1 
1.3 
l.l 
1.0 
1,1 
1.3 
0.4 
0.3 
0.6 
-
0.3 
0.8 
0.4 
0,3 
2.5 
3.5 
3.8 
1.7 
3.9 
3.0 
1.0 
1.0 
1.5 
1.6 
n,7' 
1.6 
1.3 
0.4 
0.4 
-
-
0.3 
-
0.14 
0.19 
0.7 
0.8 
-
0.6 
-
0,4 
0.4 
3.1 
-
-
0.8 
-
1.0 
1.7 
(1,8 1,8 
- 1.0 
- • 
- 17,0 
- ?,3 
0,16 4,42 
n,3S 7,(1 
0.7 2.5 
- 1.0 
-
- 3.7 
- 0,8 
0,14 1.6 
0.31 1.5 
-
1.6 
1.5 
2.7 
5.4 
2.2 
2.0 
94.0 
99.0 
100 
97,8 
100 -
98.1 
2.5 
0.4 
-
-
0.5 
0.18 
0.24 
5.6 
1.0 
-
1.7 
-
1.7 
2.3 
SLA 
«A 
*]* 
"A 
'jA 
BOTISSR BHAIM SECTIOB 
81 Ml 
82 M2 
83 M3 • 
84 M4 
85 M5 
86 M6 
87 M7 
88 M8 
89 M9 
MeaD 
Std,Dev, 
87,1 
89,3 
89.2 
76.4 
88.8 
94.6 
91,0 
91.9 
92.2 
89,0 
5,2 
1.3 
1.7 
1.4 
13.9 
3.8 
0.9 
3.4 
1.5 
1.3 
3.2 
0.4 
0,6 
0.6 
1.2 
-
1,2 
-
1,3 
0,7 
0.5 
6.7 
0.5 
3.9 
3.7 
4.1 
4.9 
3.0 
1.9 
2.3 
4.1 
3,5 
3,5 
0,9 
1,6 
2.3 
0.7 
3.8 
0.9 
0.8 
0,9 
0,7 
fl,<t 
1.4 
1,0 
-
0.3 
-
-
-
-
-
-
-
0,03 
0,10 
0,3 
0,3 
-
-
-
--
-
-
0,06 
0,13 
1.3 
0,6 
0.7 
0.6 
1.1 
-
0.2 
0.2 
0.3 
0,ft 
0,4 
0.3 
-
0.7 
-
0,1 
-
-
-
-
(1.1 
0,2 
1,0 
0,6 
1,2 
0,2 
0.3 
0,2 
0,7 
-
0,4 
0,5 
0,4 
- 1.3 
- 0.3 
- 0.3 
- 0.2 
- 0.3 
- 0.2 
- 0.2 
- 0.2 
- 0,3 
0.3 
- 0.3 
1.3 
0,3 
0.5 
-
0.3 
-
-
0.7 
0,6 
0.4 
0,4 
98,0 
98,8 
98,5 
99.3 
98.7 
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100.0 
100.0 
100,n 
Qq,7 
0.8 
-
0.3 
-
-
-
-
-
-
-
0.03 
0,10 
2.0 
0,1 
1.5 
0.7 
1.3 
-
-
-
-
(1,7 
0,7 
OA 
nA 
(]k 
QA 
QA 
QA 
QA 
nA 
OA 
I CQ I VOL Ql 9)1 Q I SHQ I BMQ ! F | CH i MBF j 9RF j M | B | H | DC | Q | F | L ! HAKE OF THE 
I I I I ! I I I I I I I I I I I I S i M D S T O S E 
CQ-CoBion Quartz, VOL Q- Volcanic fluatrz, VN Q-Vein Quartz. SMQ-Urptched Metanorphic Quartz, RMQ-RecrystalUspf! 
MetaRorphic Quartz, P-Feldspar, CH-Chert, MRF-Hetafflorphic Rock Pragein-int, VRP-Volcanic Rock Fraguent, M-MuscnvUP; B-
Biotite,H-HeavieS; DC-Dptrital clay, 
Q-Quartz,P-Feldspar, L-Rock Pragaents ,QA-Quartzarenite; SA-Subarkose,SLA-Sublitharenite,LA-titharenite. 
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integration of all the above factors in the interpretation of 
sandstones petrofacies are needed for a logical 
identification of tectono-provenance. Hence, the sandstone 
petrofaceis analysis can furnish vital clues regarding the 
provenance and its tectonic setup, source rock composition, 
role of climate and transport. In turn these clues can be 
applied to correctly interpret the tectono sedimentary 
evolution of a geoprovince and its sedimentary cover 
(Dickinson et al. 1983; Mack 1984; Schwab 1991; Graham et al. 
1993; Cox and Lowe 1995a, 1995b). 
In this study eighty nine sandstone samples 
from twelve outcrop sections were petrographically studied to 
estimate detrital mineral composition and to classify them as 
per Folk (1980) method (Fig. 5A) . The identification of 
various petrofacies as per Dickinson (1985) method were 
also carried out. The petrofacies were plotted on the 
standard triangular diagrams Qt-F-L, Qm-F-Lt and Qp-Lv-
Ls (Fig. 5B, CD) . The sandstones are found to be devoid of 
feldspars and plagioclase; only in few samples K-feldspars 
are present that's why the diagram Qm-P-K was not employed. 
The various composition modifying processes and the geo-
tectonic evolution of the provenance were taken into 
consideration for the interpretation of the petrofacies and 
their tectono-provenance. 
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Fig. 5. Index diagram for classification (after Folk 1980) 
of the Jodhpur Sandstones (5A) and tectono-provenance 
(after Dickinson 1985) discriminating diagram 
(5B,C,D). Fig. 5D is modified after Dickinson 1985; 
Dickinson and Suczek (1979) and Ingersoll and Suczek 
(1979) . The diamond diagram in fig. 5D represents 
mean with one standard deviation of the total 
sandstones from a section. 
5A - Sandstone classification, Fields - I, 
Quart zarenite; II, Subarkose; III, Sublitharenite,-
IV,Arkose; V, Feldspathic litharenite; VI, Lithic 
arenite; VII, Litharenite. 
5B & 5C - Tectono provinances, I, Continental block; 
la, Craton interior; lb. Transitional continental; 
IC, Basement uplift; II, Recycled orogen; Ila, 
Quartzose; lib. Transitional; lie, Lithic; III, 
Magmatic arc. Ilia, Dissected; Illb, Transitional; 
IIIc, Undissected; IV, Mixed. 
5D - I, Rifted continental margin; II, Subduction 
complex; III, Collision suture and fold thrust belt 
sources; IV, Arc orogen sources. 
Overlapping data have been plotted in histogram 
fashion at the edge of the diagram. 
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Following are the section wise description of 
the sandstone composition, classification as per Folk's 
(1980) scheme (Table 5) , sandstone petrofacies and their 
tectono- provenance as per Dickinson's (1985) scheme (Table 
6) : 
JODHPUR FORT SECTION 
The sandstones of this section are poor in 
coinmon quartz, ranging from 58.0 to 87.5% averaging 76.1% and 
are rich in muscovite (ave. 4.2%) and biotite (ave. 3.8%) . 
The polycrystalline quartz is represented by stretched and 
recycled metamorphic quartz averaging 6.7% and 1.6% 
respectively. The rock fragments are mainly meta-sedimentary 
but sandstones from lower in the section also have volcanic 
rock fragments (ave. 0.6%). The feldspars present are of 
potash variety and average 1.3%. The lower most sandstones 
are classified as sublitharenite and the rest are 
quartzarenite (Fig 6A) . 
The sandstone petrofacies are rich in Qm 
(ave. 8 5.7%) , Qp (ave. 10.0%), L (ave. 2.7%) and are 
comparatively poor in feldspars (ave. 1.6%). The percentages 
of Qm generally increases and of Qp, L and F decreases up 
ward in the section. The sandstone petrofacies plot in 
interior cratonic block and recycled orogen provenances in 
Qt-F-L and Qm-F-Lt diagrams (Fig.6B,C) The Qp-Lv-Ls diagram 
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JODHPUR FORT 
SECTION 
R F 
Fxgure 6. C l a s s i f i c a t i o n (6A) and t ec tono -p rovenance 
(6B,C,D) of sands tones from the Jodhpur Fort 
sec t ion . 
Tabl? 6 Delrital •odes based on Pickinson n9!5) of the Jodhpur Sandstones. 
;;8 
S . d o . l S a i p l e l n . | Qa I {>p I Qt I F I I I I t I Qp I Iv I I s | Qi/Qp | 
J008POB PORT SECTIOI 
1 .11 
1 n 
3 ..n 
4 .14 
5 .15 
Mean 
Std. Dev. 
80,0 
76.0 
91.0 
87.9 
93.5 
85.7 
7,4 
13,5 
18.7 
5,4 
7,2 
5,3 
10,0 
5,9 
93,5 
94,7 
96,4 
95,1 
98,8 
95,7 
2,0 
1,5 
2,4 
2,0 
1.1 
fl.8 
1.6 
0.6 
5.0 
2.9 
1.6 
3,8 
0,4 
2.7 
1.8 
18,5 
21,6 
7.0 
11.0 
5.7 
12.7 
7.0 
73.0 
86,5 
77.8 
65.0 
92.8 
79.0 
10.9 
16,2 
2,7 
-
-
-
3.8 
7.0 
10.8 
10.8 
22.2 
35.0 
7,2 
17.2 
11,4 
5.9 
4.0 
16.8 
12.2 
17.6 
11.3 
6.2 
HIRELESS H i l l SECTIOI 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
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Sti3,, pv 
Wl 
«2 
W3 
W4 
W5 
W6 
W1 
Wfi 
M9 
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PDDJAl* SECTIOJ 
16 
17 
18 
19 
20 
21 
Mean 
Sti^.Dev 
PI 
v'l 
H 
P4 
P5 
Pr, 
55.0 
62.7 
56,5 
55,2 
53.5 
77.8 
92,8 
90,0 
90,3 
94,0 
72,8 
17,7 
87,8 
89,4 
88.6 
83,9 
91.8 
84,8 
87,7 
2.9 
5,0 
3,3 
5.5 
4,0 
3,0 
7.5 
4,1 
7,5 
7.8 
6,0 
5,4 
1,8 
5.8 
6,9 
7,3 
9,6 
6,0 
8,2 
7,3 
1.4 
60,0 
66,0 
62,0 
59,2 
56,5 
85,3 
96.9 
97,5 
98,1 
100,0 
78,2 
18,9 
93,6 
96,3 
95,9 
94,5 
97.8 
93.0 
95.2 
1.8 
-
-
0.5 
-
0.3 
0,4 
0,2 
0.4 
0.6 
-
0.24 
0.23 
0.6 
-
-
-
-
0.4 
0.16 
0.26 
40,0 
34.0 
37,5 
40.8 
43,2 
14.3 
2.9 
2,1 
1.3 
-
21.6 
19.0 
5.8 
3.7 
4.1 
6.5 
2,2 
6.6 
4,8 
1.7 
45.0 
37.3 
43.0 
44.8 
46.2 
21,8 
7.0 
9.6 
9.1 
6.0 
2/.0 
17.8 
n,6 
10.6 
11.4 
16.1 
8.2 
14.8 
12.1 
2.9 
11,0 
9.3 
12.7 
9.0 
6.5 
34.4 
58.3 
78,0 
86.2 
100.0 
40.5 
36,7 
50,0 
64,7 
64,0 
60,0 
72.7 
55.5 
61.1 
7.9 
89.0 
90.7 
86.2 
90,0 
91,8 
58.6 
19.4 
6.0 
6.9 
-
53.8 
40,8 
10,0 
11,8 
16,0 
14,3 
4.6 
8.4 
10.8 
4.1 
-
-
1.1 
1.0 
1.7 
7.0 
22.3 
16,0 
6.9 
-
5.6 
7,7 
40,0 
23,5 
20.0 
25.7 
22.7 
36.1 
28.0 
8.0 
11.0 
19.0 
10.2 
13.8 
17,8 
10,3 
22.6 
12,0 
11.6 
15.6 
14,4 
4,3 
15,1 
12,9 
12.1 
8.7 
15.3 
10.4 
12.4 
2.6 
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HASORIA BILL SECTIOR 
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3,6 
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95 .4 
97,(1 
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98,6 
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0,3 
-
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-
-
-
-
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0.9 
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-
-
-
-
-
-
-
-
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2.8 
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0.4 
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-
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15.0 
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2.9 
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-
-
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-
-
-
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25.0 
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14,3 
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11.7 
27.7 
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18.4 
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9.2 
14.7 
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-
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-
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31.5 
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11.6 
18.7 
Contd.., 
so 
M Klfi 
•i5 HI? 
Hean 
Std.Dev. 
78.fi 
89.9 
84,5 
7,6 
18.4 
8.1 
9.5 
4.6 
<)7.(1 1.? 1.8 20.2 91.n 
<18.2 (1.9 0.9 9.2 10.0 
94.<1 0.5 5.5 15.0 67.0 
6.2 0.5 6.2 7.6 17.5 
3.0 
5.0 
9.0 
18.7 
6.(1 
5.0 
24.0 
12.3 
4.3 
10.8 
11.0 
4.9 
KABIR RAGAR SECTIOR (HEST) 
56 
57 
58 
59 
60 
Mean 
Std.Dev. 
nhh 
K26P. 
K27 
K28 
K29 
81.2 
83.4 
84.8 
86.2 
86.8 
84.5 
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0.8 
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14,6 
11,5 
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10,5 
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21,0 
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84.6 
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25.5 
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-
-
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30,0 
26.4 
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S6 
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44,4 
77,7 
89.2 
88.7 
85,2 
77.0 
18,8 
94,7 
94.5 
96.7 
97,9 
97,8 
96,3 
1.6 
87,2 
89.4 
88.0 
93,1 
96,5 
90,8 
3,9 
1,6 
7,3 
5.4 
6.3 
13.3 
6.8 
4,2 
4.5 
5.1 
3.3 
2.1 
2.2 
3.4 
1,3 
7,5 
6.6 
7.6 
5.2 
2.7 
5.9 
2.0 
46.0 
85.0 
94,6 
95,0 
98.5 
83,8 
21.7 
99.2 
99,6 
100,0 
100,0 
100,0 
99,7 
0.4 
94.7 
96.0 
95.6 
98.3 
97.2 
96.7 
1.9 
-
0.3 
0.4 
-
0,7 
0,3 
0,3 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
54,0 
14,7 
5,0 
5,0 
0,8 
15,9 
21,9 -
0,80 
0,40 
-
-
-
0.24 
0,35 
5,3 
4,0 
4,4 
1.7 
0,8 
3.2 
1.9 
55,6 
22,0 
10,4 
11,3 
14,1 
22.7 
18.9 
5,3 
5,5 
3.3 
-
-
2.8 
2.7 
12,8 
10.6 
12.0 
6.9 
3.5 
9.1 
3.9 
2.7 
33.3 
51,8 
56.0 
94,7 
47,7 
33,6 
84.6 
92.8 
100.0 
100.0 
100,0 
95,4 
6.8 
58,3 
62.5 
63.6 
75.0 
77.8 
67,4 
8.5 
97.3 
60.6 
26.0 
36.0 
2,6 
44,5 
36,1 
7.7 
-
-
-
-
1.5 
3.5 
29.2 
12.5 
13.6 
6.2 
22.2 
16.7 
9,0 
-
6,1 
22,2 
8.0 
2.7 
7,8 
8.6 
7.7 
7.2 
-
-
-
3,0 
4,1 
12.5 
25.0 
22.7 
18.8 
-
15,8 
10.0 
27.7 
10.6 
16.5 
14.0 
6.4 
15.0 
8.1 
21.0 
18.5 
29,3 
46,6 
44.4 
31.9 
12.9 
11.6 
13.5 
11.5 
17.9 
35.7 
18.0 
10.2 
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93.4 
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5.4 
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7.7 
9.2 
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21.1 
20.8 
7,8 
1 (Ni/Qpl 
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shows scattered plots in the field of thrust belt, subduction 
complex, rifted margin provenance (Fig 6D). 
WIRELESS HILL SECTION 
The sandstones of this section unconformably 
overlie the rhyolites of Malani igneous suite. The basal 
sandstones are rich in volcanic materials which include 
volcanic quartz and various types of rock fragments of tuff. 
The micro laminations are defined by alternate layers of 
volcanic material and quartzose materials. Higher in the 
section volcanics decrease exponentially and are replaced by 
common quartz, metamorphic quartz and metasedimentary 
lithics. 
The percentages of common quartz range from 
47.8 to 91.2 . The average percentages of volcanic quartz and 
volcanic rock fragments are 2.4 and 20.7 respectively. The 
feldspars are scarce and rarely constitute more than a half 
of a percent (ave. 0.2%) . On the basis of major -framework 
constituents the sandstones are classified as litharenites 
which pass up in the section to quartzarenite (Fig 7A). 
The detrital modes of these sandstones 
petrofacies show secular change upward in the section.The 
lower petrofaceis are rich in lithics specially volcanic and 
are generally poor in Qm, Qp and Ls . The feldspars are again 
very less in amount. The meta-sedimentary lithics increases 
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Figure 7. Classification (7A) and tectono-provenance 
{7B,C,D) of sandstones from the Wireless Hill 
section. "J-J-X 
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from none to 22.3 % but diminishes again upward in the 
section. Volcanic lithics secularly decreases upward from 
89.0 to 6.0 percent and Qp increases from 9.0 to 86.2 
percent. 
In Qt-F-L diagram (Fig 7B) most of the 
sandstones plot in recycled orogen and few in continental 
block provenance. In Qm-F-Lt diagram (Fig 7C) plots show that 
the sediments were derived from transitional to recycled 
orogen provenance and also from craton interior. Petrofacies 
plots of Qp-Lv-Ls diagram (Fig 7D) give much better picture 
and suggest that the sediment were first derived from an arc 
orogen and there was a porvenance shift towards subduction 
zone complex and then to the rifted continental margin 
setting. 
PDNJALA SECTION 
The sandstones are generally coarse grained . 
Apart from common quartz (ave. 81.1%), volcanic quartz are 
also present in appreciably good amount (ave. 1.1%). 
Polycrystalline quartz present are represented by stretched-, 
recrystallized- metamorphic quartz and chert with an average 
of 3.6, 1.9 and 1.2 percent respectively. Feldspar are absent 
in general but rare in two samples. Metasedimentary as well 
as volcanic rock fragements are present averaging 3.2 and 1.2 
present respectively. Muscovite, heavy minerals and detrital 
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PUNJALA 
SECTION 
Lt Lv 
Figure 8. ^ l a s s i f i c a t i o n (8A) and tec tono-provenance 
(ii3,c,D) of sandstones from the Punjala section. 
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clay are also present in good amount. The sandstones are 
mostly sublitharenite except one which is a quartz arenite 
(Fig 8A). 
The petrofacies of the sandstones is 
characterized by near absence of feldspars. Apart from high 
percentages of Qm (ave. 87.7%), a good amount of Qp (ave. 
7.3%), L (ave. 4.8%) are also present. The lithic fragments 
are represented by metasedimentaries and subordinate 
volcanics averaging 28.0% and 10.8% respectively, the rest 
61.1% of the lithics are of pure quartzose rocks (Qp). 
The sandstones petrofacies of Qt-F-L and Qm-
F-Lt modes and their mean values plot mostly in recycled 
orogen and few in interior cratonic block provenances (Fig 
8B,C). The Qp-Lv-Ls (Fig 8D) plots show scattering of points 
with no definite trend. In general they show subduction 
complex and fold thrust belt lineage. 
MASURIA SECTION 
The sandstones of this section are 
comparatively rich in quartzose material and poor in meta-
sedimentary and volcanic lithics. The average percentages of 
common quartz, stretched metamorphic and recrystallized 
metamorphic quartz are 89.7, 2.9, 1.2 percent respectively. 
Meta -sedimentary lithics average 2.3 percent and average 
volcanic lithics are around 0.7 %. Feldspar are present only 
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Figure 9. C l a s s i f i c a t i o n (9A) and t ec tono-provenance 
{9B,C,D) of sandstones from the Masuria sect ion. 
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in two samples and are very meager in amount. Muscovite are 
present though in small quantity but the biotite are totally 
absent. The sandstones are mostly quartzarenite and some are 
sublitharenite (Fig 9A). 
The average Qt-F-L and Qm-F-Lt petrofacies 
are 96-0.1-3.2 and 91.3-0.1-8.0 respectively. Most of the 
samples of these petrofacies plot very near to the Qt and Qm 
poles and along Qt-L and Qm-Lt legs in the tectono-
provenance fields of recycled orogen and continental block 
provenance (Fig 9B,C). But the Qp-Lv-Ls petrofacies show 
scattered plots on the Qp-Lv-Ls diagram. The plots suggest 
fold thrust/Collision suture and subduction related setting 
to continental rift setting (Fig 9D). 
GAN6ANA SECTION 
Sandstones from this section show textural as 
well as compositional maturity upward in the section. The 
sandstones are poor in common quartz and rich in 
polycrystalline quartz, rock fragments and micas. 
Common quartz average 87.2% followed by 
stretched metamorphic quartz (4.7%), recrystallised 
metamorphic quartz (1.8%) muscovite (1.4%) and meta-
sedimentary rock fragments (1.0%). Other constituents are 
less than one percent which also include feldspars (0.2%). 
Two sandstones lower in the section were classed as 
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Figure 10. Class i f i ca t ion (lOA, . ^ 
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sublitharenite and rest are quartz arenites (Fig lOA) . 
The sandstones petrofacies are very rich in 
Qm and Qp averaging 91.3 and 7.4% respectively. Detrital 
modes of feldspar and volcanic lithics are restricted to 
sandstones lower in the section. Qp, L shows diminishing 
trend and Qm shows increasing trend upward in the section. 
In Qt-F-L andQm-F-Lt diagrams most of 
sandstones plot in interior cratonic block provenance 
followed by recycled orogen provenance (Fig 10B,C). The 
sandstone petrofaceis of this section show a secular trend of 
plots from recycled orogen to cratonic block provenance near 
the Qt and Qm poles. The plots on Qp-Lv-Ls diagram for these 
sandstones suggest their derivation from rifted continental 
margin setting (Fig lOD). 
KABIR NAGAR SECTION (EAST) 
The sandstone samples were collected from the 
two different faces of this scarp section. The sandstones 
overlie, unconformably the rhyolite in the eastern part but 
in the western part a thick lenticular conglomerate horizon 
lies between the rhyolites and sandstones.. The eastern scarp 
sandstones show average abundance of .common quartz 79.2% 
which is comparatively low. The basal sandstone in this 
section are also poor in quartzose detritus and are 
comparatively rich in lithics, muscovite, biotite and 
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Figure 11. Classification (llA) and tectono-provenance 
(11B,C,D) of sandstones from the Kabir Nagar-East 
(©) and West ( A ) section. 
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heavies. Fifty percent of the sandstones are sublitharenite 
closely followed by quartzarenite and one sandstone is 
litharenite (Fig.llA). 
Qm detrital modes of these pertofacies range 
from 65.6 to 93.5 percent. The petrofaceis are comparatively 
rich in Qp (ave. 9.5) and L (ave. 5.5). Lithics are dominated 
by Qp followed by Ls and Lv averaging 67.0, 24.0 and 9.0 
respectively. Most of the sandstones plot near the Qt-pole on 
Qt-L leg suggesting continental interior block and recycled 
orogen provenance (Fig IIB) . Due to presence of appreciable 
amount of Qp the plots in Qm-F-Lt diagram (Fig IIC) shift 
towards recycled orogen provenance and show a systematic 
variation in time as the sandstones from lower in the section 
plot in recycled orogen and pass into continental block 
provenance higher in the section. In Qp-Lv-Ls diagram (Fig 
IID) all the sandstones plot in collision suture fold thrust 
belt and rifted continental margin setting except the lower 
most sandstones rich in the volcanic lithics, which plots in 
arc orogen provenance. 
KABIR NAGAR SECTION (WEST) 
This is the only section where the sandstones 
petrofacies are comparatively rich in feldspars which ranges 
from 3.5 to 8.3 percent, average 5.4 percent. This higher 
amount of feldspars are some what intriguing because of their 
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Figure 12. Photomicrograph of a sands tone from the Kabir 
Nagar-West s ec t i on showing mic roc l i ne and 
or thoc lase (cross, 4x) . P.No-73 
Figure 13. Photomicrograph of a sandstone from the Fidusar 
s e c t i o n showing v o l c a n i c q u a r t z and v o l c a n i c 
l i t h i c s (cross, lOx) . P.No. 73 
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general absence from the sandstones of other sections. The 
feldspars are mainly orthoclase and microcline and are 
comparatively fresh (Fig. 12). Apart from feldspars the 
sandstones are also rich in metamorphic quartz as well as 
metasediraentary lithics. The sandstones are classified as 
sublitharenite and subarkose(Fig.IIA) . 
The lowermost sandstone petrofacies are rich 
in volcanic lithics and are comparatively poor in 
metamorphic and meta-sedimentary lithics. The content of 
feldspar detrital modes does not show any marked change 
upward in the section. 
According to the petrofacies composition the 
sandstones plot in recycled orogen and continental interior 
provenance in the Qt-F-L andQm-F-Lt diagrams (Fig IIB.C) 
Qp-Lv-Ls diagram (12d) shows that sample points fall mainly 
in fold thrust/collision suture belt to rift margin field. 
Qp/Ls ratio increase upwards in the section. 
FIDTTSAR DIVERSION SECTION 
These sandstones unconformably overlie the 
rhyolites. The sandstones lower in the section are highly 
rich in volcanic quartz, volcanic rock fragments (Fig.13) 
which average 5.1 and 13.6 percent respectively. The common 
quartz is not as abundant as in other sandstones, specially 
in the lower two sandstones averaging 68.8 percent from a 
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Figure 14. Classification (14A) and tectono-provenance 
(14B,C,D) of sandstones from the Fidusar diversion 
section. 
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range of 31.3 to 85.2 percent. In spite of the high 
percentages of volcanic material the feldspars are near 
absent again. On the basis of detrital composition the rocks 
were classified as litharenite, sublitharenite and 
quartzarenite from the basal to the topmost sandstones of 
this section (Fig. 14A). 
The sandstone petrofaceis of Qt-F-L and Qm-F-
Lt show that samples plot mostly in recycled orogen 
provenance and tend to move towards continental block 
provenance showing compositional maturity through time (Fig 
14B,C). Qp-Lv-Ls plot shows high spread of sample point which 
however remain close to Qp-Lv leg and lie within the mixed 
orogenic source field (Fig 14D). 
SURSAGAR SECTION 
The sandstones earlier interpreted as beach 
lithofacies are exposed in low lying outcrops with their 
fresh exposures in quarry sections. Samples from two 
locations were studied. 
The sandstones from the first section are 
rich in quartzose material and poor in lithics. The average 
amount of common quartz is 93.0 percent. Stretched and 
recrystallized metamorphic range from 3.3 to 1.4 and 1.4 to 
0.8 percent with an average of 2.4 and 0.8 percent. All 
other detrital constituents which include volcanic-, vein-
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quartz, lithics, micas, heavies and detrital clays each are 
less than one percent. The lower most sandstone is 
sublitharenite and rest are quartzarenites (Fig. 15A). 
The sandstone petrofacies are highly rich in 
Qm and Qt which average 96.3 and 99.7 percent respectively. 
In the Qt-F-L and Qm-F-Lt diagrams (Fig.15 B,C), petrofacies 
plot in continental interior field suggesting the maturity of 
the provenance. Qp-Lv-Ls plot shows that almost all the 
samples plot in rifted continental margin setting (Fig 15D) . 
In the sticond section which is few hundred 
meters away towards west, the percentages of common quartz 
range from 76.2 to 92.7 and average 83.1 percent. Stretched 
and recrsytallized metamorphic quartz average 3.8 and 1.3 
percent respectively. Muscovite and detrital clay fragments 
are present in appreciably good amount averaging 1.7 and 3.6 
percent. Metamorphic and volcanic lithics average l. 9 and 
1.0 percent respectively. Feldspar are absent.The other 
detrital constituents present are chert (0.4%) biotite (0.8%) 
and heavies (0.5%). The sandstones were classified as quartz 
arenites (Fig 15A) . 
In Qt-F-L the samples plot near Qt pole in 
continental block provenance and recycled erogenic provenance 
(Fig 15B) . The Qm-F-Lt diagram also shows the same tectono-
provenaces (Fig 15C). The Qp-Lv-Ls diagram (Fig 15D) shows 
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that most point fall in and around subduction complex field. 
DEORIA SECTION 
Sandstones from this section also represent 
the beach lithofaceis. The sandstones are rich in common 
quartz and stretched metamorphic quartz averaging 83.7 and 
3.1 percent respectively. Volcanic quartz and recrystallized 
metamorphic quartz are also present in good quantity 
averaging 1.3 and 1.1 percent respectively. The meta-
sedimentary and volcanic lithics are quite common in the 
lower most sandstone. In one sample muscovite is present in 
very high amount (17.0%) which is also rich in heavy 
minerals. The other detrital constituents present are chert 
and detrital clay with average percentage of 0.4 and 2.3 
respectively. The sandstones are mostly quartzarenite except 
the lower one which is a sublithiarenite (Fig 16A). 
The sandstones are rich in Qm, Qt, Qp 
detrital modes averaging 93.4 98.7, 5.8 percent respectively. 
Hence the detrital modes plot in craton interior/continental 
block provenances in both Qt-F-L and Qm-F-Lt diagrams (Fig 
16B,C). Qp-Lv-Ls diagram also shows a consistent plot of 
these petrofacies in rifted continental margin setting (Fig 
16D) . 
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Figure 16. Classification (16A) and tectono-provenance 
(16B,C,D) of sandstones from the Deoria section. 
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HOTISAR BHAKAR SECTION 
The sandstones of this section represent 
braided fluvial facies .These sandstones are rich in common 
quartz (ave. 89.0 %) and polycrystalline quartz represented 
by stretched and recrystallize metamorphic quartz, averaging 
3.5 and 1.4 percent respectively. Both meta-sedimentary and 
volcanic lithics are scarce averaging 0.6 and 0.4 percent 
respectively. All the sandstones plot in quartzarenites field 
(Fig 17A). 
Qm detrital modes range from 90.0 to 97.2 
averaging 94.1 percent. Qp range from 2.8 to 9.3 percent and 
average 5.1 percent. Feldspars are generally absent but few 
grains are found in some samples. The sandstones plot in 
continental block provenance in Qt-F-L and Qm-F-Lt diagrams 
(Fig 17B,C). Qp-Lv-Ls diagram suggests that the sediments 
were derived from rifted continental margin (Fig 17D) . 
DISCUSSION 
Much work on sandstone composition and its 
tectonic heritance has been carried out in the last two 
decades with the help of model ternary diagrams first given 
by Dickinson and Suczek (1979). The interpretaion of tectono-
provenance with the help of these ternary diagrams holds good 
for most of the sandstone suites and has been actively used 
to ascertain and discern the tectonic evolution of a 
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MOTISARBHAKAR 
SECTION 
Figure 17. C l a s s i f i c a t i o n (17A) and t e c tono -p rovenance (17B,C,D) of sandstones from the Motisar Bhakar 
sec t ion . 
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provenance - basin setup and also to study the long term 
evolution of a geoprovince and its sedimentary cover in time 
and space (Dickinson 1983; Schwab 1991; Skillbeck and Cawood 
1994; Cox and Lowe 1995a, 1995b). 
Some times the correlation between tectonic 
setting and the ultimate sandstone petrofacies does not hold 
good, as the detritus in sedimentary milieu are over 
modified in terms of their composition . The first cycle 
detritus undergo myriad of complex processes at source area, 
during transportation and even after burial leading , most of 
the times, towards compositional maturity in terms of stable 
detrital modes. The composition of first cycle detritus, 
produced at the provenance, is controlled by the nature of 
weathering, source rock composition, association and their 
structural state. Climate exerts the prime control on nature 
of weathering in terms of chemical and mechanical processes 
with their intensity controlled by relief and geomorphic 
state of an area. These first order controls barring climate 
are influenced and dictated by tectonic history and regime of 
the area. (Johnsson 1993). The sediments are also modified 
during pre depositional transport of detritus from its source 
area by the processes of mechanical break down, abrasion and 
sorting. After the final deposition, the sediments, and 
under the realm of diagenesis, the composition of detritus 
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may f u r t h e r get modified due t o s e l e c t i v e d i s s o l u t i o n , 
a l t e r a t i o n and p rec ip i t a t ion of new mineral phases. 
Sandstone composi t ion sometimes a r e 
o r i g i n a l l y found to be r ich in quartzose material due to the 
f a c t t h a t d e t r i t u s were d e r i v e d from r e c y c l i n g of the 
p r eex i s t i ng supracrustals and sedimentaries (Cox and Lowe 
1995a). Apart from th i s the sediment mixing from two sources, 
temporal change in tec tonic s t y l e of an area (Mack 1984; 
Marsaglia and Ingersoll 1992) long t ranspor t of d e t r i t u s to 
t e c t o n i c a l l y a l i e n b a s i n s and some s o r t of s p e c i a l 
circumstances interms of geo- tec tonic setup may lead to fa l se 
s igna ture of tectono - provenance (Dickinson and Suczek 1979; 
Graham e t a l . 1993). 
Hence a c r i t i c a l a n a l y s i s of v a r i o u s 
composition modifying agents i s required for a meaningful 
i n t e r p r e t a t i o n of pe t rofac ies . A p r i o r broad knowledge of 
t e c t o n i c evolution of probable provenance in general and the 
t e c t o n i c s t a t e of the provenance in immediate past with the 
help of igneous, s t ruc tu ra l , sedimentary and paleogeomorphic 
h i s t o r y of the provenance h e l p s a l o t to e l u c i d a t e and 
resolve the pet rofacies evolution and to identify i t s generic 
tectono-provenance. Following i s the in t e rp re t a t ion of the 
s tudied sandstone petrofacies in the l igh t of geotectonic 
e v o l u t i o n of the A r a v a l l i - Delh i fold b e l t and Malani 
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igneous suite and the possible influence of various modifying 
factors on the evolution of the 'ultimate ' petrofacies : 
Source Rock Composition 
The studied sandstone petrofacies are highly-
rich in monocrystalline quartz, followed by polycrystalline 
quartz, meta-sedimentary rock fragments and volcanic rock 
fragments in decreasing order of abundance. The feldspars 
are generally scarce and rarely reach upto 5.0 percent. The 
feldspar consist of mainly orthoclase and'microcline. 
Muscovite, biotite and fragments of leached clay also occur 
in appreciable amount. The heavies averaging 1.0 percent 
include mostly tourmalines of blue green variety, zircon and 
opaques. 
Monocrystalline quartz present are mainly of 
meta-sedimentary and of plutonic origin. A little percentage 
of vein quartz is also present and is included with Qm. 
Quartz grains with features typical of volcanic origin i.e. 
grain with negative crystals, embayed hexagonal bipyramidal 
outline, straight extinction etc. suggesting derivation from 
volcanic rocks are ubiquitous but occur in small amounts. 
Polycrystalline quartz are represented by stretched and 
recrystallized metamorphic quartz as well as chert, all 
indicating their derivation from medium to high grade 
metamorphic rocks and associated medium to low grade 
ss 
metasedimentaries. 
Various lithics present in sandstones 
petrofacies give direct evidence of their source rocks. In 
the studied petrofacies most of the metasedimentary lithics 
encountered are schists, phyllites, slate and siltstones in 
decreasing order of abundance. Volcanic lithics are mainly 
represented by volcanic lastics and there is a marked 
absence of rock fragment of rhyolite. The volcaniclastics 
found as detrital lithics include tuffs with vitreous, vitro-
clastic, perlitic and felsitic texture of felsic composition. 
From the detrital mineral composition we can 
conclude that the proto-detritus were largely derived from 
meta-sedimentary rocks present in Aravalli - Delhi fold belt 
and from the felsic rocks of Malani igneous suite. The 
absence of feldspar in these petrofacies are some what 
intriguing. The scarce grain of feldspars encountered are 
orthoclase and microcline which suggest that they have not 
been derived from Malani rhyolites as the latter contain 
sanidine. 
Tectonic Regime 
The Aravalli - Delhi fold belt evolved 
through out the Proterozoic by the processes of rifting -
drifting - subduction and collission tectonics, culminated 
around 800-900 Ma (Sinha - Roy 1985). After that there was a 
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thermal event or hot spot magmatism leading to largely felsic 
volcanism that commenced with volcaniclastic activity and 
outporing of climactic rhyolites dated 745 + 10 Ma (Crawford 
and Compston, 1970). The Bikaner - Nagaur basin is juxtaposed 
to the Aravalli - Delhi fold belt and runs parallel to the 
strike of folding in NE- SW direction (Fig-l) . At the 
southern margin the basin is terminated to Malani igneous 
suite -of rocks which forms the basement for the Jodhpur 
Formation, the lower most unit of Bikaner - Nagaur basin. 
This basin came into existence after a 
considerable time gap, evidenced by the presence of 
unconformity in between Jodhpur Formation and the underlying 
Malani volcanics. The Bikaner - Nagaur basin can best be 
described as a foreland basin (Biswas 1993) with an orogen 
in east represented by the Aravalli - Delhi fold belt. A 
combination of» the Aravalli - Delhi fold belt with the 
intracontinental felsic magmatic suite of Malani provides us 
a new set of tectono-provenance which can best be described 
as an association of collision orogen provenance, and 
'magmatic arc provenance' of Dickinson and Suczek (1979). 
Paleocurrent indicate that the sediments were largely brought 
from the Aravalli - Delhi fold belt which acted as the main 
source area by virtue of its greater relief and well 
developed drainage system as compared to the Malanis. In the 
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initial stages of sedimentation, the sediments were derived 
locally from the Malani rocks. 
Climate 
Climate and relief plays a very important 
role in setting the weathering and erosion trend and 
controlling the relative importance of chemical and 
mechanical weathering processes (Basu 1985; Johnsson 1993). 
Documentation of the paleoclimatic pattern 
for the studied sandstones is some what difficult as the Late 
Proterozoic to Early Cambrian age of the basin is not 
definitive. In the absence of palaeontological control. The 
age of the sequence has been fixed on the basis of its 
superposition over rhyolites (745 + 10 Ma)\ Shrivastava 
(1992) suggested that the basal conglomerate of the Jodhpur 
Formation was deposited by glacial agencies so we can 
perceive that the climate at the time of deposition of the 
sandstones were cold. The upper most sedimentary unit i.e. 
Bilara Formation of the Bikaner -Nagaur basin has extensive 
evaporite deposits (Misra et al. 1993). This Bilara Formation 
has been correlated with Cambrian of Salt Range on the basis 
of gross similarity in the evaporite facies (Pareek 1981b, 
1984). The climate was thus either cold or warm and arid and 
in either case the source rock would have undergone little 
chemical decomposition thereby preserving labile 
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constituents. This is confirmed by the presence of 
exceptionally high amount of biotite, metasedimentary and 
volcanic rock fragments in the studied sandstones which 
would have got easily destroyed in a warm, humid climate. 
Near absence of feldspar in such a climatic setup can only be 
the result of feldspar- deficient source rocks as is likely 
in the case of detritus from fold thrust systems and recycled 
orogen comprising supracrustals (Dickinson and Suczeck•1979; 
Dickinson 1985). This also suggest shallow level of erosion 
and aereally widespread exposure of supra-crustal as against 
the basement roots. 
Transport and Deposition 
During the transportation of detritus to the 
site of final emplacement and basinal working specially in 
shallow marine conditions sediments are abraided and 
mechanically broken into the smaller size fraction. Feldspars 
due to the presence of cleavages and rock fragments due to 
the presence of laminae, cleavage and foliation planes are 
most likely to be effected. Polycrystalline quartz too get 
broken along the grain boundaries during the long and 
repeated transport aided by chemical weathering during the 
intermittent exposure. The least effected during transport 
are monocrystalline quartz and. few heavy minerals i.e. 
zircon, rutile tourmaline and magnetite which become more and 
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more rounded with increasing transport (Odom 1976; McBride 
and Picard 1987; Johnsson 1993). The hydrodynamic sorting 
specially in shallow marine conditions also results in the 
perceptible change of composition as compared to the 
sediments from the same source deposited by fluvial system 
(Davies and Ethridge 1975; Espejo and Gamundi 1994). 
The studied sandstones were largely brought 
from the Aravalli - Delhi fold belt lying very near to the 
basin (<100 km) and were deposited in deltaic, shallow 
marine, beach and fluvial environments representing a 
regressive phase. The sediments are mostly medium grained and 
are texturally immature suggesting comparatively lesser 
reworking of the detritus before final burial. In general the 
deltaic sandstones are compositionally less mature as 
compared to compositionally mature beach and braided river 
deposits. Hence average Qt-F-L Qm-F-Lt and Qp-Lv-Ls plot show 
that beach and braided fluvial sandstone types plot largely 
in craton interior and recycled orogen provenance. One would 
expect the fluvial braided deposits to be compositionally 
immature because of higher transport rate to by pass the 
vagaries of chemical weathering. 
The bivariant plots of mean size versus 
percentages of monocrystalline quartz (Qm) and of lithics (L) 
show very intersting relationship (Fig 18A-I). The sandstones 
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Figure 18. Bivariant plots and correlation coefficient (r) of 
mean size versus Qm (^ ) and L ( A ) . Equation of 
line is in form of Y= mx+C. 18A - Jodhpur Fort, 
18B - Wireless Hill, 18C - Punjala, 18D - Masuria, 
18E - Gangana, 18F - Kabir Nagar East («(£) and West 
(CA) , 18G - Fidusar Diversion, 18H - Sursagar I (•A) 
and II (o^  , 181 - Deoria, 18J - Motisar Bhakar. 
d 
from Wireless Hill (r= -0.79,+0.81) Kabir Nagar (E) (r=-
0.69,+0.74), Sursagar (I) {r=-0.66,+0.88) , Gangana (r=-
0.54,+0.71), Punjala(r=-0.47,+0.70) and Jodhpur Fort sections 
(r=-0.20,+0.58), show strong negative relationship with Qm 
and positive with L, suggesting an increase in percentage of 
quartz and increase of lithics with increase in grain size. 
In contrast, the sandstones from Sursagar II {r=0.85,-0.28), 
Masuria (r = 0.82,-0 . 30) , Motisar (r=0.66,-0 . 60) , Fidusar 
Diversion (r=0.61,-0.64) and Kabir Nagar (w) (r=0.50,-0.38) 
section, mean size show atrong to very strong positive 
relationship with Qm and negative with L, suggesting an 
increase in percentage of monocrystalline quartz and decrease 
of lithics with decerease in grain size. Hence it seems that 
because of high gradient and nearness of source area there 
was not much compositional modification due to transport and 
associated mechanism. The composition of detritus and their 
specific size class was rather strongly controlled by the 
source area dynamics. 
Diagenesis 
Burial diagenesis commonly results in 
chemical and mechanical destruction of feldspars, lithic 
grains and other unstable phases. The cementation and 
authigenesis add extra mineral phases to over all composition 
of a sandstone. The detrital composition of a sandstone is 
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mainly modified by crushing of lithics during compaction to 
form pseudomatrix (Dickinson 1970) and by chemical corrosion 
of feldspars by calcite cements (Mc Bride 1985) . 
Most of the studied sandstones are cemented 
with authigenic quartz, clay and matrix. Very few sandstones 
are calcite cemented. Because of the early quartz cementation 
the framework became stable which resulted in little 
mechanical compaction thereby preventing large scale crushing 
of rock fragments. 
The only mineral phases which show alteration 
during diagenesis are biotites, detrital glass and clay 
minerals which do not materially effect the petrofacies 
analysis. 
From the detrital mineral composition we can 
conclude that the protedetritus were largely derived from 
meta-sedimentary rocks present in Aravalli - Delhi fold belt 
dhd from the acidic rocks of Malani Igneous suite. The 
absence of feldspar in these petrofacies are some what 
intriguing. The scarce grain of feldspars encountered are 
orthoclase and microline which suggest that theyi have been 
derived^ Malani rhyolites as they contain sanidine, 
orft)f^ oPgj&se and alkali feldspars^ 
CHAPTER V 
DIAGENESI5 
9? 
Von Guembel (1868) , was the first to imagine 
a set of transformations, independent of metamorphism, which 
change the freshly deposited sediment into a compact hard 
rock (Segonzac 1968) . These transformations are included in 
'diagenesis' which encompasses all the postdepositional 
changes brought in by physico-chemical processes that start 
just after the deposition and continue upto the inception of 
metamorphism. 
In sandstones the trend of diagenesis is 
controlled by many factors and processes. At the onset of 
diagenesis, texture, detrital composition, environment of 
deposition and associated lithologies play a primary role and 
locally control the migration of fluids and chemical 
potential. Regional scale control on diagenetic trend is 
exerted by tectonic setting of the basin by virtue of 
geothermal gradient, rate and extent of deposition and basin 
subsidence. The diagenetic processes in sandstones can be 
classed in two broad categories of physical and chemical 
diagenesis. Both these processes operate simultaneously 
towards establishing physical adjustment to the surrounding 
stress field and to achieve chemical equilibrium. 
The physical diagenesis of the freshly 
deposited sand results in to the compaction of the sediment 
and pore volume reduction due to the pressure. At the 
9^ 
sediment water interface and at shallow level of burial 
physical compaction take place by the process of grain 
rearrangement by rotation, slippage, ductile deformation and 
grain fracturing without dissolution at grain contacts 
(Houseknecht 1987). Continued physical compaction results in 
increase in number of contacts per grain, which passes to the 
regime of chemical compaction characterized by intergranular 
pressure solution, after considerable depth of burial. The 
increased geothermal gradient and pressure results in 
dissolution at grain contacts and change in nature of 
contacts from point to long and interpenetrative contacts. 
The chemical diagenesis includes reactions 
leading to chemical dissolution, corrosion ^nd cementation. 
These reactions may start just after the deposition of sand 
and is controlled by oxidation and reduction at sediment -
water / atmosphere interface. Chemical potential of sediment 
and pore water chemistry plays an important role in removal 
of various unstable phases and precipitation of new stable 
phases in the diagenetic regime. The process of cementation 
is also deliterious to the porosity as it occludes the pore 
spaces but is reversible in contrast to porosity loss by 
compaction which is irreversible. 
All the above processes of physical and 
chemical diagenesis promote the reduction of porosity and 
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permeability, and enhance the bulk density. The existing 
porosity and permeability of a sandstone are the result of 
its evolution through the depositional and post depositional 
diagenetic stages. The primary porosity of a sandstone is 
controlled by grain size, sorting and amount of detrital 
quartz at the depositional stage. Post depositional processes 
affect porosity through physico-chemical processes that are 
functions of temperature, pressure and time. 
In this study fifty one sandstone samples 
from Wireless Hill, Punjala, Gangana, Sursagar, Deoria and 
Motisar Bhakar sections were analysed and their diagenetic 
status was ascertained. Diagenetic studies included 
compaction, cementation and their role in porosity evolution. 
Two hundred fifty to three hundved points were counted in 
each thin section for studying packing, cements and porosity. 
PACKING PARAMETERS 
The mechanical and chemical compaction of 
freshly deposited sands and its continuation through time 
during the burial of the sand and lithogenesis results into 
volume reduction and packing. Packing denotes the mutual 
spatial relationship between the grains and can be defined in 
terms of grain to grain contact ( a unit property) and of 
closeness of grains (an aggregate property). 
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Taylor (1950) identified four types of grain 
to grain contcts in the plane of thin section. Tangential or 
point (P) contact which appear as a point, long contact (L) 
which appear as a line, concavo-convex (C) contact appear as 
curved line and sutured (S) contact which appear as a 
serrated interfingering contact. In a loosely packed 
sandstones some grains may not make contact with other grains 
these grains are reffered as floating grains (F) . The 
compaction changes the nature of grain contact and increased 
number of long and interpenetrative contacts (C,S) appear at 
the expense of floating grains and point contacts. The 
packing parameter contact strength (Fuchtbauer 1967) based on 
the contact types is employed here to visualise the extent of 
compaction. 
The aggregate properties of compaction can be 
studied by estimating the proximity, density and nearness of 
the grains and the number of contcts a grain is having with 
adjacent grains. The important packing parameters are 
contact index (Taylor 1950), packing desity (Kahn 1956) etc. 
The following two compactional parameters were calculated on 
the basis of packing fabric data generated for this study: 
Contact Index (CI) 
This parameter is the most commonly used 
compactional parameter. It takes into account the aggregate 
1 0 1 
packing aspects. This was introduced by Taylor (1950) and was 
named by Pettijohn et. al. (1987). It is defined as average 
number of contacts per grain irrespcetive of nature of 
contacts. 
Contact Strength (Cs) 
This term coined by Fuchtbauer (1967), takes 
into account the nature of contact, mathematically defined 
as: 
(a + 2b) / (a + b) 
where 'a' is the number of point contacts and 'b' is the 
number of all other contacts. In this study slightly modified 
form of the above formulae is employed by considering the 
relative proportion of the individual contact types, in the 
form of : 
(P + 2L + 3C + 4S) / (P +L +C +S ) 
Apart from these two packing parameters minus - cement 
porosity was also calculated to visualise the relative roles 
of compaction and cementation in reducing depositional 
porosity because it portrays the fabric at the time of 
deposition. Minus-cement porosity is defined as volume 
percentage of existing porosity plus cements (Fuchtbauer 
1983, Houseknecht 1987). Here in this study matrix has also 
been included with cements as they are syndepositional and 
pore filling, to estimate minus cement porosity. 
Table 7: Pettognftiic data for fiaewric and diagesetic piiasn of the Jodlinr Sanbtines. 
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49 am- - 80,5 3,4 1.7 9.3 - 14.4 - - - . 5.1 19.5 19.5 3I.6 9,9 
50 H8 100 - - 83.2 4.0 - - 8.0 12.0 - - - - 4.8 16.8 16.8 33.9 8,0 
51 N9 100 - - 86.8 3.1 0.5 1.8 2.8 8.2 - - - - 5.0 13.2 13.2 36,6 5,2 
Bean 99.2 0,03 0,7 80,0 4.7 2,6 2,3 3.8 13,6 0,6 - - - 5,8 19.4 20,9 31,0 9.8 
Std, Dev. 0.8 0.10 0.7 4.0 1.0 3.5 2.9 3.5 3.8 1,3 - - - 2,0 4,0 4,1 3,4 3.1 
FBMN06I I CEMER | I B i m | OVEB SIffl) KB8S | FOBOSm | 
— : , 1 I 1 , 
I Q I F i L i TOUI I Qt2. | C d . | F^rr.| liao. | TbUl I I ^ ' |KT. | KKt | O I S T I M ; | NCP | iCff | OOPl |CEPL 
Q-Quartz, F-Peldspar, L-Rock fragKnts, Qtz.-^.iartz, Cct,-Calcite, Ferr,-Fercot)enoi.is,. Kao,-Kaolittit«, CEK,-Cpaent,lttT,-Matriis 
MCP-flints Cerent ponisity.-MCMP-Mimis cenent and la tr ix [mrrisity, OOPL-Pornsity loss di.ie to a«{)act.ion, CEPL-Pfirosity loss te to cesientation 
Table 8 Coipactioaal p a r a i e t e n of the Soikgu Sandstones. 
ri5 
SI. I Saiple I TTPB OF COIT&CTS | M . OF COIT&CTS PD GUII | mm \ 
l o . I l o , I 1 I PiOTEBSI 
I I. F I P I I I CC I S I 0 I 1 I 2 I 3 I 4 I 5 I i I 7 1 > 7 I c n C s I 
NISEIESS H i l l SECTIOI 
1 Ml 
2 N2 
3 »3 
4 il4 
5 «5 
6 Hfi 
7 «7 
8 M8 
9 W9 
10 mo 
Mean 
Std.Dev 
-
-
-
-
4.0 
-
-
-
-
-
0.4 
1.2 
PORJiU SECTIOH 
11 PI 
12 P2 
13 P3 
14 P4 
15 P5 
16 P6 
Heao 
Std.Dev. 
1.7 
1.4 
1.2 
-
-
-
0.7 
0.8 
GUIGMI& SECTIOR 
17 Gl 
18 G2 
19 G3 
20 G4 
21 G5 
22 G6 
23 G7 
24 G8 
25 G9 
-
-
-
-
-
-
-
-
-
17.0 
4.5 
14.7 
4.5 
12.0 
4.2 
2.2 
2.0 
6.2 
8.8 
7.6 
5.3 
12.3 
7.0 
5.6 
-
12.7 
9.2 
7.6 
4.6 
21.8 
5.6 
22.0 
4.6 
20.0 
9.6 
4.3 
6.8 
11.0 
48.8 
52.3 
52.9 
38.6 
36.0 
52.1 
28.2 
52.2 
52.1 
49.1 
46.2 
8.7 
33.3 
52.1 
51.4 
51.1 
33.2 
55.5 
46.1 
10,0 
39.1 
31.5 
46.0 
39.4 
40.0 
40.4 
67.4 
52.5 
58.1 
24.4 
25.0 
17.6 
29.5 
28.0 
20.8 
34.8 
30.4 
31.2 
29.8 
27.1 
5.1 
29.8 
23.9 
27.0 
33.3 
27.1 
27.7 
28.1 
3.1 
24.6 
37.0 
22.0 
30.3 
22.0 
32.7 
21.7 
25.5 
20.0 
9.8 
18.2 
14.7 
27.3 
20.0 
22.9 
34.8 
15.2 
10.4 
12.3 
18.5 
7.9 
22.9 
15.6 
14.4 
15.6 
27.0 
7.6 
17.1 
6.8 
14.5 
25,9 
10.0 
25.7 
18.0 
17.3 
6.6 
15,2 
10.9 
-
-
-
-
1.5 
-
-
-
-
-
0.15 
0.47 
0.9 
-
1.4 
-
-
1.0 
0.5 
0.6 
-
0.9 
-
-
-
-
-
-
-
-
1.8 
2,6 
-
6,0 
-
-
-
-
-
1,0 
2.0 
1.8 
2.9 
2.1 
4.5 
0.6 
3.0 
2.4 
1.3 
1.9 
6.5 
9.5 
-
-
0.8 
-
0.7 
-
7.4 
12,5 
15.8 
9,5 
16,4 
10.0 
1,7 
4.7 
7.3 
10.8 
9.6 
4,6 
10.3 
8.2 
6.4 
6.4 
10.2 
30.6 
12.0 
9.2 
17.3 
12,0 
28.4 
5.7 
2.3 
1.6 
3.8 
6.0 
5.8 
40.7 22.2 14.8 5.5 
35.7 21.4 21.4 3.6 
40.8 25.0 11.8 2.6 
41.9 31.1 10.8 4.0 
41.7 22.4 6.0 3.0 
40,n 21.4 20,0 4,2 
15,5 29.3 15.5 13.8 
31.2 34.3 20.4 6.2 
29.n 36.2 21.7 5.8 
24.3 36.5 18.9 8.1 
34.0 28.0 16,1 5.7 
8.9 6.2 5.3 3.3 
26,1 20.5 22.4 11.2 
33,9 18.2 21.6 8,2 
22.5 14.8 26.7 14.7 
25.4 30.0 19.1 11.8 
23.0 12.8 19.2 12,8 12.2 
31.6 23.5 7.2 2,0 
27.0 20.0 19.3 10.1 
4.6 6.2 6.5 4.5 
1.4 
6.8 
7.9 
1,2 
7,8 
6.3 
3.7 
5,7 
5,5 
3.6 
1,3 
2.7 
1.5 
2.8 
3.8 
3.2 
-
1,4 
3,6 
3,8 
3.7 
-
-
-
1,5 
1,4 
10,3 
-
-
-
1,7 
3,2 
4,5 
4,2 
3,9 
4.2 
3,7 
4,3 
5,5 
4,5 
4,4 
4,4 
4,3 
0,4 
2,26 
2,56 
2,32 
2,80 
2,58 
2,62 
3.00 
2.60 
2,46 
2,45 
2,56 
0.21 
2.8 
2.3 
6.3 
2.8 
.2 
1.0 
4.6 
4.1 
3.7 
4.7 
3.5 
-
9.0 
-
3.5 
3.3 
4.6 
4.5 
4.6 
4.5 
4.7 
3.6 
4.4 
0.4 
2.59 
2.45 
2.47 
2.64 
2.69 
2.33 
2.52 
0.13 
8.1 
0.3 
2.5 
0.5 
4.1 
1.1 
7.2 
4.9 
4,3 
9.7 
14.4 3.8 
16,7 3.7 
5.2 7.4 
18.7 12.2 
33.8 9.0 
31.7 7.0 
30.2 9.2 
26.1 9.0 
23.2 1S.2 
0.9 • 
0.9 • 
1.1 -
8,1 
8,6 -
5,4 • 
8.2 -
8.2 
8.0 • 
3.9 
4.0 
3.5 
5,6 
4,8 
4,8 
5,1 
4,9 
5,0 
2.32 
2,83 
2,20 
2.80 
2.38 
2.57 
2.30 
2.50 
2,30 
,,, 
lilS 
26 GlO 
27 Gil 
Hean 
Std. Dev. 
SQESftGU SECTION 
28 Si 
29 S2 
30 , S3 
31 S4 
32 S5 
Hean 
Std. Dev. 
33 S6 
34 S7 
35 S8 
36 S9 
37 SlO 
Mean 
Std Dev. 
DEOBIi SECTIOM 
38 Dl 
39 D2 
40 D3 
41 D4 
42 D5 
Mean 
Std.Dev. 
4.3 
9.1 
10.8 
7.0 
12.2 
15.3 
10,8 
2.1 
6.9 
9.5 
5.1 
3.5 
22.4 
14.5 
25.5 
8.0 
14.7 
9.3 
12.0 
3.0 
1.3 
9.« 
13.3 
7.7 
5.3 
53.8 
45.4 
46.7 
10.3 
65.0 
45.9 
58.1 
57.4 
51.7 
55.6 
7.1 
61.4 
51.7 
59.0 
49.0 
44.3 
53.0 
7.0 
40.2 
36.7 
34.7 
25.0 
35.0 
34.3 
5.6 
30,1 
30.3 
26.9 
5.4 
12.2 
23.5 
20.2 
29.8 
25.8 
22,3 
6.6 
24.5 
15.5 
24.0 
14.9 
26.1 
21.0 
5.3 
35.8 
36.7 
42.6 
lO.O 
40.0 
33.0 
13.1 
11.8 
15.2 
15.5 
U 
10.6 
15.3 
10.8 
10.6 
15.6 
12.5 
2.6 
10,6 
10.4 
2.5 
10.6 
21.6 
11.1 
6.8 
12.0 
23.6 
21.4 
6.0 
11.7 
14.9 
7.3 
-
-
0.1 
0.3 
-
-
-
-
-
-
-
-
1.0 
-
-
0.8 
0.3 
0.5 
-
-
-
3.6 
-
0.7 
1.6 
1.3 
-
1.9 
3.1 
-
1.7 
-
-
0.8 
0,5 
0,7 
7.8 
7,8 
6.0 
7.1 
4.0 
6.5 
1,6 
1,3 
0.8 
-
14.3 
3.3 
3.9 
5.9 
5.8 
11.2 
9.1 
7.9 
16.3 
4,9 
5,0 
5,4 
11.4 
8,6 
5,0 
11.0 
29.4 
13.3 
16.2 
14.5 
16.9 
7.2 
7.6 
8.0 
1.7 
23,2 
9.9 
10,0 
8,0 
18.8 
26.3 
24.8 
8.7 
34,2 
31,5 
20.5 
21,6 
29,8 
27,5 
6,1 
34,1 
41,1 
40.0 
37.6 
27,3 
36.0 
5.5 
25.6 
19.3 
18.4 
32.1 
28,6 
24.8 
5.9 
37,7 
26,3 
28,0 
8.1 
28.7 
35.6 
30,3 
37,8 
28,9 
32.2 
4.1 
21,8 
15,8 
26.7 
30,4 
32,8 
25,5 
6.8 
33.3 
30.6 
25.0 
21,4 
31,8 
28,4 
5,0 
18.2 13.0 
22.6 
21.9 
8.4 
10.8 
16.5 
6.0 
8.7 
3.7 
5.4 
7.4 
18.8 17.2 
17.6 12.3 
23.7 2.60 
17,4 13,6 
4.6 
11.8 
3.9 
13,3 
6.1 
14.4 
9.9 
4.6 
19.2 
22.6 
8.2 
6.3 
2.0 
0.7 
2.0 
5.6 
3.3 
2.4 
8.9 
7.3 
21.6 14.1 
3.6 1.8 
19.8 13.2 
16.1 
7.9 
9.0 
4.9 
5.2 
7.5 
5.6 
3.2 
4.6 
2.4 
8.2 
5.3 
0.8 
4.2 
2.8 
7.2 
1.0 
-
0.6 
1.6 
2.0 
2.9 
3.8 
8.9 
10.0 
-
4.4 
5,4 
4.0 
-
-
-
-
. 
-
-
-
-
-
-
-
-
-
-
-
-
- . 
-
2.5 
9.2 
-
-
2,3 
4.0 
4.7 
4.6 
4.6 
0.6 
4.2 
4.4 
4.9 
5,1 
4.2 
4,5 
0.4 
4,2 
3.4 
3,8 
3,7 
4,1 
3.8 
0,5 
4.5 
4.9 
5.4 
3,2 
4.3 
4.4 
0.8 
2.50 
2.51 
1.47 
?.20 
2.10 
2,40 
2.31 
2,38 
2.50 
2,33 
t.l4 
1,42 
2,13 
2.20 
2.10 
2,60 
2,30 
«.20 
2.48 
2.81 
2.84 
2.26 
2.50 
2,57 
0,24 
HOTISU B U l U 8KCTI0R 
43 
44 
45 
46 
47 
48 
49 
Ml 
M2 
M3 
M4 
M5 
H6 
M7 
1,4 4.3 
8.0 
4.8 
7,0 
6,4 
8,8 
9.7 
46.4 
48.0 
23.8 
41,8 
51,3 
32,3 
64.5 
33.4 
16.0 
38.1 
27,9 
30,8 
26.5 
16.1 
14.5 
28,0 
33.3 
23.3 
11.5 
32.3 
9.7 
1.7 
0.9 
0.9 
13.1 
11.3 
2.8 
3.6 
3,0 
11,8 
14,fi 
32,6 
19,3 
30.2 
14.0 
20.9 
35.3 
35,9 
28,2 
38,7 
31,1 
29,8 
46,2 
25.5 
31.0 14.6 
13.1 6.5 
14.5 6.4 
11.3 4.2 
26.1 15,8 
19,4 9.0 
13.7 9.8 
2.9 
6,5 
3.2 
5.7 
6.1 
1.5 
3.9 
-
-
-
1.4 
3.5 
-
-
5,0 
4.4 
4,6 
4.0 
5,2 
4,7 
4.5 
Contd 
2.55 
2.64 
3.00 
2.60 
2.57 
2.82 
2.25 
... 
vyi 
50 N8 - 2.4 39.0 26.8 31.7 - 1.5 2.8 14,3 34.3 25.7 11,4 5.7 4.3 5.1 2.88 
51 H9 - 13.0 39.1 2 6 . r 21.8 - - 9,7 L8.4 29,2 14.6 18,3 7,3 !.5 4.9 2,56 
Mean 0.1 7,1 42,9 26.8 22.9 - 0,4 6,5 22,2 33.2 18,8 10.6 4.7 1.3 4.7 2,65 
Std.Dev. 0.4 3.1 11.6 7.2 9.1 - 0.7 4.7 8,3 6,3 7.1 4.7 1.9 1.7 0.4 0,22 
I riPg OF COHHCTS I 1 0 . OP COHT&CTS PER ( 3 i l l | P&CKIIK; | 
I j I py[UETERS I 
I P I P 1 1 1 CC 1 S i 0 I 1 1 2 I 3 1 4 1 5 1 6 I 7 1 > 7 1 CI 1 Cs 1 
P-Ploating grains, P-Point contact, L-Long contact, CC-Concavo-convei contact, S-Sututted contact, 
Cl-Contact index, Cs-Contact strength 
1 0 > ? 
Petrographic data of diagenetic fades of 
Jodhpur sandsotnes and their compactional parameters are 
given in Table 7 and 8 respectively. 
Following are the section wise description of 
the sandstones and their packing state. 
WIRELESS HILL SECTION 
The sandstone^ s of this section are rich in 
lithics (ave. 21.7%) specially volcaniclastics. The 
sandstones are also rich in pure micaceous matrix (ave. 
7.2%). Quartz cement is present in all the sandstones and 
show well developed syntaxial overgrowth (Fig. 19) varying in 
between 2.5 to 8.8 percent and averaging 5.2 percent followed 
by kaolinite (ave. 3.3%) and ferrugenous cement (ave. 0.45%). 
The sandstones are dominated by long and 
interpenetrative contacts, amounting to more than 90 percent 
and hence show high contact strength (ave. 2.56%). Grains 
with , three four and five contact predominate giving rise 
to the contact index range of 3.9 to 5.5 with an average of 
4.3. 
The porosity ranges from 1.8 to 8.5 percent 
and averages 4.1 percent. Minus - cement porosity is also 
very low due to high percentage of matrix (ave. 8.9 %) and 
perhaps due to syn and post - depositinal compaction prior to 
cementation. 
11 !i 
Figure 19. Scanning e l e c t r o n photomicrograph of q u a r t z 
overgrowth. P.No. 109 
Figure 20. Scanning e lect ron photomicrograph of kao l i n i t e s 
P.No- 109 
I i a 
PDNJALA SECTION 
T h e s e s a n d s t o n e s a r e r i c h i n g u a r t z o s e 
m a t e r i a l a s w e l l a s i n l i t h i c s and a r e d e v o i d of f e l d s p a r s . 
The s a n d s t o n e s a r e cemented m a i n l y by k a o l i n i t e and q u a r t z 
c e m e n t s and by s u b o r d i n a t e f e r r u g e n u o u s cement wh ich show 
p a t c h y d i s t r i b u t i o n . S i l t y m a t r i x a l s o a c t e d a s b i n d i n g 
m a t e r i a l . The k a o l i n i t i c c l a y and m a t r i x b o t h a r e a l s o 
p r e s e n t i n o v e r s i z e d p o r e s . The o v e r s i z e d p o r e s a r e n o t 
s e c o n d a r y i . e . f o r m e d d u e t o g r a i n d i s s o l u t i o n b u t a r e 
p r i m a r y i n n a t u r e . These o v e r s i z e d p o r e s may have r e s u l t e d 
due t o d e p o s i t i o n a l mechanism ( A t k i n s and McBride 1992) . 
The CI v a l u e s r a n g e i n be tween 3 .6 t o 4 . 7 . 
a n d t h e a v e r a g e v a l u e f o r t h i s s e c t i o n i s 4 . 4 a n d i s 
c o n s i s t e n t t h r o u g h o u t t h e t h e s e c t i o n s e q u e n c e . The v a l u e s 
of c o n t a c t s t r e n g t h i s a l s o h i g h s u g g e s t i n g p r e d o m i n a n c e of 
l o n g and i n t e r p e n e t r a t i v e c o n t a c t s due t o t h e c o n s l i d a t i o n 
l e a d i n g t o i n d u r a t i o n d u r i n g b u r i a l . 
A h i g h d e g r e e of c o n s o l i d a t i o n and 
c e m e n t a t i o n has l e f t t h e s a n d s t o n e s v e r y low i n e x i s t i n g 
p o r o s i t y which r a n g e from 3 .6 t o 6 .0 p e r c e n t a v e r a g i n g 5 .0 
p e r c e n t . The minus - cement p o r o s i t y v a r i e s from 1 2 . 6 t o 25 .9 
a v e r a g i n g 21 .7 p e r c e n t . 
i 5^ '^ 
HI 
Figure 21. Photomicrograph of pervass ive poro f i l l i n g c a l c i t e 
cement (cross 4x). P-No. I l l 
Figure 22. Scanning e l e c t r o n photomicrograph of q u a r t z 
overgrowth. ^ - N O . i l l 
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6AN6ANA SECTION 
The sandstones of this section are rich in 
quartzose framework grains averaging 98.1 percent, feldspars 
are nearly absent while the rock fragements average 1.7 
percent. The quartz cement (ave. 6.2% ) is the most common 
authigenic phase second to the kaolinite (ave. 8.0%). 
Kaolinites are pore filling with characterstic 'book' form 
(Fig 20) . In a sample it is found to be replaced by calcite 
cement. Ferrugenous cement averges 2.5 percent and in some 
sample it shows pervasive development wherein it replaces 
clay and micaceous matrix and at places corrodes the quartz 
overgrowths. In another sample calcite cement shows pervasive 
development (Fig. 21) which has replaced kaolinite cement. 
Kaolinite, ferrugenous, calcite cements and matrix some times 
were found to occupy oversize pores. 
The sandstones are very well compacted 
evidenced by high CI and Cs values averaging 4.9 and 2.47 
respectively. The CI and Cs values decrease in the sandstones 
cemented with ferrugenous cement suggesting fabric 
modification by the process of corrosion and also inhibition 
of the quartz cementation. 
The existing porosity are in general very low 
and may well be the out come of consolidation and pore space 
occulsion by cementation. The existing porosity range from 
m 
3.5 to 10.8 averaging 5.6 percent. The main factor of the low 
porosity seems to be the pre cementation packing which was 
followed by cementation. 
SURSAGAR SECTION 
The sandstones from the two different 
sections differ in gross textural properties and detrital 
composition which are well reflected in their diagenetic 
behaviour. 
The sandstones from the first section are 
very rich in quartzose detrital modes (ave. 99.6%) and are 
nearly devoid of feldspars and rock fragments. These 
sandstones are very rich in kaolinite cement (ave. 11.8%) and 
quartz cement (ave. 8.5%). These sandstones also lack in the 
calcite, and ferrugenous cements and micaceous matrix. 
Long and interpenetrative contacts account 
for 90 percent of the total contact types with a range of 
contact strength values from 2.10 to 2.50 with an average of 
2.30. The average number of contacts are dominated by three, 
four, five and six contacts to a grain with a ranges of CI 
from 4.2 to 5.1 and an average of 4.5. 
The porosity values are low ranging from 2.7 
to 5.9 percent and averaging 4.7 %. The minus - cement 
porosity is comparatively high and averages 25.5 percent. 
Hi 
The sandstones from the second section are 
comparatively rich in lithics (ave. 3.7%). These sandstones 
also show somewhat high percentage of micaceous matrix (ave. 
4.0%). Kaolinite cement shows pervasive development and 
ranges from 7.9 to 21.4 percent with an average of 15.2 
percent which is highest in all the section perhaps the 
abundances of Kaolinite inhibited the quartz cementation 
which is having the lowest abundance in this section and 
average only 3.5%. Ferrugenous and calcite cements are 
present appreciably in one sample each and average 0.84 and 
0.56 percent respectively. 
The contact index values are low and range 
from 3.4 to 4.2 and average 3.8. The contact strength varies 
in between 2.10 to 2.42 with an average 2.30. 
The porosity is low and averages 5.0 percent 
while minus cement porosity averages 25.7 percent. 
DEORIA SECTION 
The sandstones from this section are rich in 
quartzose detrital modes and with subordinate lithics 
averaging 98.1 and 1.7 percent respectively. Quartz cements 
form some times thicker authigenic growths towards open pore 
spaces but mostly as thin rims. The quartz cement ranges 
from 3.8 to 14.1 percent and averages 11.3 percent (Fig 22). 
Kaolinite cements forming typical 'book' and 'rossette' form 
115 
are also present in equal abundance, ranging from 0.6 to 22.2 
with an average of 11.8 percent. 
The compaction parameters of these sandstones 
are in accordance with those of the sandstones of other 
sections. The contact index values range from 3.2 to 5.4 with 
an average of 4.4 while contact strength varies from 2.26 to 
2.84 averaging 2.57. 
The porosity percentages range from 4.5 to 
8.2 and average 5.6%. The average minus cement porosity is 
highest (29.0 percent) suggesting comparatively low porosity 
loss due to compaction. 
MOTISAR BHAKAR SECTION 
The sandstones of this section are highly 
rich in quartz and quartzose detrital modes averaging 99.2 
percent. Only in few sandstones occuring lower in the 
section, lithics are present that too in nominal quantity 
averaging 0.70 percent. The sandstones are cemented with 
veried type of cements which include quartz,kaolinite, 
calcite and-ferrugenous averaging 4.7, 3.8, 2.6, 2.1 percent 
respectively. Matrix were found in two samples only averaging 
0.6 percent. 
The sandstones are very well compacted as 
evidenced by highest contact index and contact strength 
values averaging 4.7 and 2.65 respectively. The sandstones 
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show higher percentages of long, concavo-convex and sutured 
contacts averaging 42.9, 26.8, 22.9 percent respectively. The 
number of contacts per grain are also high compared to the 
sandstones from other sections. 
The existing porosity averages 5.8% and is 
comparable with the sandstones from the other sections. The 
minus cement porosity is (ave. 20.9%) lowest in this section 
suggesting the dominance of compaction over the cementation. 
COMPACTION 
The comjiaction of sandstones controlled by 
myriad of factors which include inherent grain properties, 
mass properties, fluid & basin dynamics, tectonics, rate of 
sedimentation & burial and time. The compaction proceeds 
through mechanical compaction of grain rearrangement to 
chemical compaction in which dissolution and interpenetration 
of adjacent grain takes place aided by geothermal gradient. 
The compaction is the dominant mechanism of porosity loss 
and the knowledge of relative role played by cementation and 
compaction is important in order to predict the reservoir 
quality. The pre - cementational compaction is also very 
important because it sets the trend of future pattern of 
fluid flow by reducing porosity as well as permeability of 
the freshly deposited sands. 
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The porosity loss by compaction can be 
quantified by the formulae given by Houseknecht (1987) and by 
Lundegard (1990). Houseknecht (1987) calculated porosity loss 
due to compaction by simple difference between assumed 
initial porosity and existing porosity plus cement. The 
formula given by Lundegard (1990) is more reasonable and 
takes into account the effects of compaction and sediment 
bulk volume. In this study the Lundegard (1990) formula has 
been used to quantify the compactional porosity loss (COPL) 
COPL=Pi-{((lOO-Pi)xPmc)/(100-Pmc)) 
where Pi is the depositional porosity , Pmc is the minus 
cement porosity defined as sum of total cement and optical 
porosity i.e. the existing porosity. 
The depositional porosity or initial porosity 
for the studied sandstones were assumed as 45% for estimation 
of compactional loss. Eighty percent of the sandstones show 
that the compaction was predominant factor in primary 
porosity reduction (Fig. 23). On average section wise 
porosity loss due to compaction range from 19.3 to 31.0 
percent (Table7)• Though initial porosity may well be higher 
depending upon mode of packing, sorting, grains size 
depositional environment (Beard and Weyl 1973, Scherer 1987, 
Atkins and McBride 1992). Atkins and McBride (1992) also gave 
the depositional contact index values for different 
!1H 
in 
in 
o 
o 
o 
Q. 
a 
O 
o 
10 20 30 
CEMENTATIONAL POROSITY LOSS 
Figure 23. Diagram for evaluat ing r e l a t i v e importance of 
compactional and cementational processes on 
porosity evolution after Lundegard (1992) of the 
Jodhpur Sandstones. 
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depositional environments which include beach fluvial and 
aeolian sands 0.79, 0.91 and 1.02 respectively. As compared 
with these initial packing and low contact index values the 
studied sandstones suggest high degree of compaction. The 
average CI values are more than 4.0 despite the presence of 
high percentage of cements and matrix. 
The relative extent of compaction before and 
after large scale cementation can well be adjudged by the 
values of the average minus - cement porosity, which also 
includes here the matrix. The section wise average minus -
cement porosities of 20.0 to 32.0 percent of the Jodhpur 
sandstones are very near to the limiting maximum porosity of 
26% and CI value 5.5 for the quartzose sands, undergoing 
physical compaction (Atkins and McBride 1992). This is 
suggestive of significant amount of compaction prior to 
burial after attaining a particular stage of precementation 
compaction, further operation of this process was impeded by 
presence of high amount of detrital caly and micaceous 
matrix. The post cementational compaction can well be 
exemplified by high contact strength (ave. 2.30- 2.65) and 
percentge of long, concavo - convex and sutured contacts 
which at many instances effect quartz overgrowths as well as 
quashing and splaying of mica and rock fragments (Fig. 24). 
I2n 
Figure 24 Photomicrograph showing quashing and splaying of 
phyllitic rock fragment due to compact ion (CTOiS.iOx) 
P.No. 120 
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CEMENTATION 
Cementation is the process whereby new 
minerals are precipitated as syntaxial overgrowth on 
detrital 'seeds' or as authigenic phases into the pore 
spaces, from intraformational fluids. Cements are normally 
considered to be deliterious to porosity but dissolution and 
leaching of cement may give rise to secondary porosity, in 
contrast to porosity loss due to compaction which is 
irreversible. The timing of cementation events are of much 
importnace, specially quartz cement which may stablize the 
framework. 
In this study the cements were identified 
and their volume estimated along with the study of 
compaction. Thin sections were stained with Alizarin Red-S 
for identification of carbonate cement . The role of cement 
in the porosity reduction was estimated quantitatively by 
employing a formula given by Lundegard (1990) . Cementation 
Porosity loss (CEPL): 
CEPL = Pi-COPL X (C/Pjjj^ ) 
where Pi is the initial porosity, COPL porosity due to 
compaction, C total cement and Pmc is minus cement porosity . 
In twenty percent of the samples the cements 
and matrix have played a major role in reducing the 
depositional porosity (Fig. 23) . The section wise average 
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porosity loss range from 9.8 to 21.5 percent (Table 7). 
The cements present in the studied sandstones 
and their mode of occurrance.are describe here as follows : 
Kaolinite Cement 
The kaolinite cements are the most abundant 
cementing phase present in almost all the samples (with an 
average section wise range of 3.3 to 15.2 percent). The 
Kaolinites are identified on the bases of their typical 
morphology i.e. vermicular, book shaped, and by their typical 
'sweeping' extinction pattern under the microscope (Carozzi 
1960) . Few sandstone samples were also analyzed by the SEM 
which clearly showed the 'book' and 'rosette' form of 
kaolinite (Fig. 20). 
The kaolinite are present as porefilling 
cement and show uniformity in colour and microtexture 
suggesting their purity. Some times they are occupying 
oversize pores but do not show any evidence of replacement of 
any detrital or diagenetic phase. These oversize pores may 
represent primary depositional oversize pores (Atkins McBride 
1992). The kaolinites were perhaps transformed from micaceous 
matrix and also from the clay liberated from the adjacent 
volcanics and were later regenerated into crystalline form. 
The regeneration needs more than 100°C temperature (Velde 
1981, Bjorlykke 1981) which was attained during the deep 
123 
burial of these sandstones in the area of steep geothermal 
grdient. 
Quartz Cement 
In general, silica cement as syntaxial 
overgrowth and also as pore filling cement is one of the most 
adundant cement present in sandstones. In the studied 
sandstones the quartz cement is ubiquitous and amounts only-
next to kaolinite. The section wise average range from 
minimum of 4.1 percent in a section from Sursagar to the 
maximum of 11.3 percent in Deoria section. Quartz cements are 
present mainly as syntaxial overgrowth and at some places as 
granular cherty cement. The overgrowths are thick in general 
and show symmetric growth on all the side of detrital seed 
grain. But at many instances it is found that qaurtz growth 
are thicker in open pore spaces. The scanning electron photo 
micrograph (Fig. 19,22) show unblemished regular crystal 
faces specially where in contact with kaolinite cements. The 
quartz overgrowths are skewed in favour of monocrystalline 
quartz as compared to polycrystalline quartz. 
The widespread distribution of quartz cement 
in these deeply buried sandstones suggest a general operating 
system that is common to almost all the sandstones of the 
study area. As for the source of silica is concerned an 
external as well as internal source can both be mooted. 
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External silica may well be sourced from hydrolysis of 
volcanic glass and other unstable phases from volcaniclastics 
and associate rhyolites, transformation of kaolinites front 
precursor material and from the pressure solution of quartz 
grain in associated shales and conglomerate (McBricte 1989, 
Fuchtbauer 1983) . Descending meteoric water saturated with 
silica from above mentioned source may have played active 
roles in precipitating the silica specially at the onset of 
diagenesis and upto shallow level of burial i.e. 1 to 2 km 
(McBride 1989) . During deep burial pressure solution within 
the sandstones may have supplied the silica as evidenced by 
high contact index and strength of these sandstones (Button 
and Diggs 1989, Houseknecht 1988). 
Calcite Cement 
Carbonate cements are very important as 
cementing phase in sandstones, second to quartz. But in the 
studied sandstones calcite cementation is restricted to few 
sandstones. These cements are present as pervasive pore 
filling in very few samples and as a patchy cement in others. 
Patchy calcite cement show sparry and pervasive calcite 
cement show poikilotopic texture (Saigal and Bjorlykke 1987). 
The carbonate cements show that they were precipated as late 
stage cement. Because they were found to be replacing 
kaolinite cements and do not show any other textural criteria 
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in favour of their primary or syn depositional precipitation. 
Even the sandstones pervasively cemented with calcite have 
got minus cement plus matrix porosity much below the 40 - 45% 
range (Table 7) though they shown limited corrosion of quartz 
overgrowths. The primary precipitation of carbonate cements 
are typical of marine sandstones but in the studied beach 
sandstones the percentages of calcite cement are very low in 
contrast to fluvial sandstons which show comparatively 
higher content of carbonate cement (Table 7). 
Ferrugenous Cement 
Ferrugenous cement is present in some 
sandstones as pervasive, patchy and as grain coatings. The 
sandstones with well developed pervasive ferrugenous cement 
show a number of floating grains and corroded detrital grains 
suggesting disruption of framework. It has stained the 
kaolinite cements and matrix as well. The minus. - cement 
porosity is also very near to 40% (34.7%) suggesting syn 
depositional precipitation characteristic of ferrougenous 
cementation at sediment water interface. The patchy 
ferrugenous cement may have been derived from the 
intrastratal solution rich in iron, derived from alteration 
of mafic minerals (Walker 1974). 
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Matrix 
The detrital matrix is present in most of the 
sandstones as porefilling phyllosilicates. They are also 
present in oversized pores. The matrix is monomineralic, very 
rich in micaceous minerals and poor in silt size detrital 
grain of quartz or feldspar. The matrix is crystalline and at 
many places shows transformation to kaolinite. It was 
emplaced syndepositionally or after a little time gap, during 
low stand of water by the process of infiltration. It can 
well be termed as orthomatrix (Dickinson 1970) but differ in 
grain size and absence of size grading. The presence of early 
matrix phase has resulted into the occlusion of pore spaces 
at the very start of burial and also impeded the silica and 
carbonate cementation. The relationship between kaolinite 
cement and matrix is not well understood in this study due to 
lack of textural criteria and due to burial diagnesis but 
the matrix may have acted as a precursor to the kaolinite as 
evidenced by local transformation. 
Diagenetic Events 
The sandstones were subjected to the 
mechanical compaction with the very onset of their burial. 
The mechanical compaction continued and changed to the 
chemical compaction after the considerable depth of burial as 
evidenced by high contact index and strength values. There 
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were a syndepositional emplacement of micaceous matrix 
followed by infiltration of clay. The cementation by quartz 
started at the early stage of burial and continued to the 
late stage. The mode of occurrance of f errugenous cement too 
suggest that these were primary precipitates. Carbonate 
cements which corrodes quartz cement, matrix and clay suggest 
that it is a late stage cement. 
POROSITY 
The studied sandstones show mainly primary 
porosity and very limited secondary porosity which may have 
resulted from cement dissolution (Shanmugam 1985) . The 
sandstones show consistantly low porosity irrespcetive of 
their depositional environment, compactional and 
cementational history. The average section wise porosity 
percentages range from 4.0 in Wireless Hill section to 5.8 
in Motisar Bhakar Section. The lowest and highest porosity 
encountered are 1.8 percent and 10.8 percent respectively. 
The variation in porosity is mainly due to the varying amount 
of kaolinite cement and matrix. The limited range of average 
existing porosity may be the result of regional compaction 
and consistent rate of sedimentation as well as subsidence of 
the basin. Plotting of Jodhpur sandstones data on a diagram 
Lundegard (1992) to estimate the relative role of compaction 
and cementation it is found that compaction played the 
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sandstones studied for diagenesis.P.No. 12R 
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dominant role in porosity reduction in eighty percent of the 
sandstones and in rest twenty percent it was cementation 
which played an important role in reducing the primary 
porosity. 
The control of texture and detrital 
composition on primary porosity is masked by the large scale 
compaction and cementation. Only grain size show positive 
relationship (r= 0.50) with minus cement plus matrix porosity 
(Fig. 25). This suggest that the primary porosity was higher 
in fine gra_ned sandstones. Primary porosity was reduced 
mainly during the burial by of mechanical and chemical 
compaction, pore occlusion by matrix and by cementation. The 
most deliterious as for as pore occlusion is concerned were 
manily kaolinite, matrix and in few sandstoens calcite and 
ferrugenous cement. Quartz cements have reduced the porosity 
by virtue of porefilling overgrowth but they may have also 
checked the compaction by stablising the framework at the 
early stage of burial. 
To estimate the probable depth of burial of 
the sandstones a contact index-depth and two porosity-depth 
curves have been employed (Fig. 26A,B,C). On the contact 
index versus depth curve (Atkins and McBride 1992) the 
studied sandstones were plotted on curve for Minnelusa 
Formation (Pennsylvanian-Permian) which is though not 
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comparable to the age of the studied sandstone. The lowest 
(3.8) and highest (4,7) average contact index values from 
Sursagar section and Motisar Bhakar section respectively 
show their depth of buriar from 4500 - 5000 m (Fig. 26A). The 
average minimum and maximum minus cement porosity values plot 
on porosity depth curve of Lapinskaya et. al. (1970) and 
Selley (1978) suggest depth of burial ranges from 2500-7000 
feet (1000-2500 m) and 1000 to 2500 m respectively (Fig. 
26B,C). The contact index on one hand and porosity depth 
curves on the other hand give different values for depth of 
burial. This differing result may be due. to exceptionally 
high values of contact index which may be the result of 
appreciably good amount of thick quartz overgrowths. The 
depth of burial values in the range of 1000 m to 2500 m is 
also not tenable because of the fact that the total lithic 
fill of Bikaner-Nagaur basin is more than 2000 m thick of 
which the studied sandstones form the lower most unit. Hence 
it is suggested that the depth of burial for these sandstones 
may be lie in between 3000-4000 m. 
CHAPTER VI 
SUMMARY 
A N D 
C O N C L U S I O N S 
The present study deals with the sandstones 
of Jodhpur Formation of Late Proterozoic - ? Early Cambrian 
age which are exposed in several scarps near Jodhpur c i t y . 
The Jodhpur Formation mainly comprises sands tones with 
s u b o r d i n a t e sha l e s and conglomerate . These rocks were 
deposi ted in a foreland basin , largely over volcanics of 
Malani igneous s u i t e which a l s o ac ted as provenance 
subordinate to Aravall i - Delhi fold b e l t . The sandstones 
p r e s e n t in the study a rea r e p r e s e n t , d e l t a i c beach and 
braided f luv ia l deposi t ional environments. 
The study mainly concerns p e t r o f a c i e s and 
d i a g e n e t i c evo lu t ion of t he sandstones and i s based on 
p e t r o g r a p h i c da ta c o l l e c t e d from t h i n s e c t i o n s . Scanning 
e l ec t ron microscopy was a l so employed to study d iagenet ic 
f e a t u r e s . Textural and de t a i l ed mineralogical s tud ies were 
a l so car r ied out to generate bas ic data base. 
Tex tura l a s p e c t of the sandstones s t u d i e d 
i n c l u d e g r a in s i z e pa ramete r s of Folk (1980), roundness 
(Powers 1950) and elongation index (Housenecht 1988) . The 
sandstones were classed as per t h e i r tex tura l maturi ty (Folk 
1980) based on sor t ing, roundness and clay content. The mean 
gra in s ize of sandstones ranges from - 0.15 (very coarse) to 
3.12 (very f ine ) . Medium grain sized sandstones dominate with 
61.8% , followed by coarse (19.0%), fine (15.7%), very fine 
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(2.5%) and very coarse (1.0%). Most of the sandstones are 
moderately well sorted (56.1%) followed by moderately sorted 
(37.0%), poorly sorted (4.6%) and well sorted (2.3%) ones. 
Skewness values show a wide range from -0.58 (strongly coarse 
skewed) to +0.32 (strongly fine skewed). Sandstones showing 
near symmetrical distribution are 5.17% followed by coarse 
(29.2%) fine (18.0%) and strongly fine skewed (1.1%) ones. 
Sandstones with mesokurtic distribution constitute 46.0% of 
the studied samples and followed by leptokurtic (32.6%) 
platyk'irtic (17.0%), very leptokurtic (3.4%) and very 
platykurtic (1.1%). 
The average roundness values of the detrital 
grains are dominated by subrounded (67.4%) ones, followed by 
subangular, rounded and angular ones with 29.2, 3.4 and 1.0 
percent respectively. Sandstones with elongation index values 
predominate over medium and very low elongation index valued 
sandstones, which are 83.1, 15.8 and 1.1 percent 
respectively. The sandstones are in general very rich in 
clayey and micaceous matrix which constitute even upto 27.0 
percent in one sample. However, their average percentage 
range in between 10 -15 percent. The matrix was emplaced 
syndepositionally as well as by mechanical infiltration. The 
sandstones on the bases of sorting, roundness and amount of 
matrix were classed as immature (83.1%). The submature and 
f.T5 
mature sandstones are only 6.8% and 10.1% respectively. 
The sandstones composition were studied and 
detrital modes were classed as per the Folk's (1980) scheme 
as well as per the Dickinson's (1985) sheme. The Folk's 
scheme was employed to classify the sandstones and it gives 
much more detailed account of the various sub-species present 
in the sandstones thereby giving direct indication of the 
source rock. The detrital modes then recasted as per 
Dickinson's scheme of ^operating modes' and were plotted on 
the ternary diagrams. 
The common quartz is the most abundant 
detrital mode with an overall range of 31.3 to 97.0 percent 
The other subspecies of monocrystalline quartz are volcanic 
and vein quartz with a range of 0 - 12.0 and 0-1.3 percent 
respectively. The polycrystalline quartz are represented by 
stretched and recrystallized metamorphic quartz. The 
stretched metamorphic quartz present show varied intragrain 
micro texture and range from 0.9 to 17.3 percent. 
Recrystallized metamorphic quartz with equant subgrains range 
upto 3.8 percent. The muscovite and biotite both are present 
in very good quantity and their maximum percentages recorded 
in a sample are 10.2 and 11.6 percent respectively. Their 
presence specially of biotite suggests meta sedimentary 
source rocks, in nearness of the provenance as well as the 
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domination of mechanical weathering over chemical one. Heavy 
minerals are also found in almost all the samples and are 
dominated by tourmaline, zircon, opaques and rutile. Detrital 
clay fragments are also present in almost sixty percent of 
the sandstones with a maximum of 7.2 percent. The most 
notable absentee is the feldspar which is totally absent in 
fifty four percent of the studied samples only in fifteen 
percent of the samples they are present in more than one 
percent. In kabir Nagar west section maximum percentages of 
feldspars (4.7 to 8.3%) were encountered followed by Jodhpur 
Fort (0.7 to 1.9%) and Kabir Nagar east section (0 to 3.5 
%) . The feldspars present are mainly of potash variety 
represented by orhtoclase and microcline which are fresh 
looking. The rock fragments occuring in the sandstones bear 
the direct testimony of their protoliths. The meta-
sedimentary and volcanic rock fragments are present in very 
good amount with the former one dominating. The meta-
sedimentary lithics range upto 9.2 percent and mainly include 
schist, phyllite, slate and siltstone in decreasing order of 
abundance.• Volcanic lithics range upto 52.6 percent in one 
sandstone and comprises of fragments of fine to medium 
grained vitric, felsitics and vitroclastic tuffs. Glass 
fragments are rare and highly altered, while the rock 
fragment of the typical rhyolites were not encountered. The 
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vertical distribution of rock fragements in different section 
show a definite pattern. In each section the lower part is 
characterized by volcanic rock fragments which are replaced 
by metasedimentary fragments in the middle part of the 
section. Polycrystalline quartz fragments become common in 
upper part. 
The detrital modes are highly rich in 
monocrystalline quartz followed by polycrystalline quartz 
hence they plot very near to Qm and Qt pole of the tectono-
provenance discriminating diagrams. The plots in Qt-F-L and 
Qm-F-Lt diagram suggest that sediments were derived from 
mature craton interior and recycled orogen provenances. The 
Qp-Lv-Ls diagram gives a more resolved picture as it is based 
on Lhe lithics. The diagram suggests sources of the sediments 
mainly from a collage of collision suture belt, subduction 
complex and fold thrust system and a subordinate rifted 
continental margin. Few sandstones highly rich in volcanic 
lithics provide signature of magmatic arc provenance. 
Not much modification of composition was 
expected at the source as the climate was not humid/tropical 
but arid. Moreover the transportation was also of the order 
of 100 km or so which may not have inflicted much change, as 
evidenced by very high amount of biotite, rock fragments and 
textural immaturity of the sandstones. No textural evidence 
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was observed to suggest diagenetic modification of primary 
detrital framework constituents in general and 
dissolution/alteration of feldspar and rock fragments in 
particular. The absence of feldspars in such a climatic 
setup, nearby source and absence of any diagenetic texture 
and'alteration product indicate feldspar poor source rocks 
and concealed plutonic basement. The percentage of feldspars 
present in a channel sandstone section is quite high (ave. 
5.4%) as compared to other sections and may represent a local 
source. 
The sediments were largely derived from 
Aravalli - Delhi fold belt which were drained by trunk river 
system flowing towards north, north-west and south-west. The 
sediments were also derived from the adjacent volcanics 
specially during the deposition of the sandstones just above 
the basement by local mixing. According to their geotectonic 
evolution the Aravalli - Delhi fold belt typically represents 
a recycled orogen provenance which evolved through various 
stages of rifting and collision tectonics during Proterozoic. 
This has resulted into the recycling of sediments through 
time, thereby enriching the detritus in quartzose material. 
That's why the sediments brought from the Aravalli - Delhi 
fold belt also plot in craton interior provenance as well as 
rifted continental margin setting . Low feldspar content and 
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highly variable Qm/Qp ratios also suggest sediment source to 
be orogenic uplift consisting of meta-sedimentary rocks. The 
volcanic lithics were derived from the Malani igneous suite 
of rocks. As the volcaniclastics can easily be eroded as 
compared to coherent volcanics, therefore are present in 
greater quantity as against the ignimbrites and / or 
rhyolites which are under represented. The magmatic arc 
signature is the result of these volcanics which do not 
typically represent arc magmatism but continental intraplate 
hot spot magmatism (Bhushan 1985) . 
Hence the data from the sandstones 
petrography are in accordance with the geotectonic evolution 
of the area as a whole and with the independent geological 
evidences suggestive of the paleogeographic relationship 
between Aravalli - Delhi fold belt and Malani igneous 
province on one hand as a source and Bikaner - Nagaur basin 
as a receptive foreland basin on the other (Fig. 27). 
The studied sandstones show high values of 
contact index (3.2 - 5.5) and contact strength (2.10 - 3.00) 
suggestive of high compaction prior to burial and afterwards. 
The cementing phases identified during the petrography study 
includes kaolinite, quartz, ferrugenous and calcite cements 
in order of their decreasing abundance. The matrix which is 
present also acted as a cementing material and may have 
140 
R/L 
Figure 27. Postulated idealized evolution of Jodhpur 
Sandstone petrofacies composition from expected 
provenances modified after Cox and Lowe (1995a). 
Fields- lA, IB, IC, ID are of granite, rhyolite, 
gabbro and andesite basalt respectively after 
McEirny (1984) ; IIA, I IB, IIC, and I ID are first 
cycle Holocene fluvial sands from granite (arid), 
granite (humid) metamorphic (arid) and metamorphic 
(humid) respectively after Suttner et al. (1981); 
III,represents sediments from magmatic arcs after 
Marsaglia and Ingersoll (1992) . 
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played an important role during the syndepositional 
compaction. The existing porosity of the various studied 
sandstones were found to be very low with a range of 1.8 to 
10.8 percent. The average minus - cement / matrix porosity of 
different sections which ranges from 21 to 32 percent suggest 
25 to 15 percent porosity loss was due to compaction if we 
assume an initial porosity of 45 percent. 
Control of grain size on the porosity 
distribution is demonstrated by the fact that the finer 
grained sandstones had higher initial porosity as compaired 
to the coarse grained ones. The other textural, mineralogical 
and compactional parameters donot show any significant 
control on porosity evolution. 
Kaolinite and quartz cements are the most 
common cements. Both these cements also represent the 
earliest diagenetic phase and were formed after burial of 
sediments to considerable depth . The . silica for quartz 
cementation was supplied by internal as well as external 
source. Which was probably the meteoric water which have got 
enriched in silica from the nearby volcanic sequence. 
Internal silica may have been sourced from the clay 
transformation and regeneraiton to kaolinite as well as 
silica released from chemical compaction. The precursor clays 
were also sourced largely from the weathered volcanics, which 
u n 
were transformed and regenrated into kaolinites. Calcite and 
ferrogenous cements are not volumetrically important except 
in few sandstones where they are present as pervasive 
porefilling cements. The sandstones with these cements show 
local disruption of framework by the process of corrosion 
specially calcite cements were found to corrode the quartz 
overgrowth and have also replaced kaolinite and matrix. 
In majority of the samples (80%) the porosity 
loss was mainly due to compaction and to a lesser extent by 
cementation. The burial depth of these sandstones were 
estimated with the help fo contact index and minus cement 
porosity versus depth burial plots.. The estimated depth of 
burial ranges from 3000 to 4000 m. The Jodhpur Formation 
which forms the base of the sedimentaries of Bikaner -
Nagaur basin which is 2000 m thick. The burial depth of the 
Jodhpur sandsotnes suggest that a considerable part (about 
1000 - 2000 m) of the Bikaner - Nagaur sedimetaries have been 
removed by erosion. 
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